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ABSTRACT

YA-94: A Conceptual Approach to Designing
A New Close AirSupport Aircraft

Alexander Hillary Nuyn

The following project describes the conceptual approach of desigmegv close air support

(CAS) aircraft the YA94, succeedinghe A10 Thunder bol t 1 6Wart ho
performancepayload and operational casthis new aircraftvill solelyhave a mission for CAS

only and not that of a multole fighter like the F35. This desigrwas achievedising similar

met hods provi ded Airgraft®asigima Codceptual &pptodrcio, Sikth Edition

and Ros kamo dirplane @ésignsvkiah iaralgzed various componeiitsuch as the

fuselage, wing, weight and sizing estimates, and tail. MATLAB was the primary program used to
calcul ate and analyze various sizing requir.e
methods. The RDSwin computprogram was also used to calculate, iterate, and verify various
aircraft design variableXFLR5 andAVL, aerodynamicsoftware wereused to analyze the YA

9406s stability and ca ©@Elcodiions. Signiicaneeffortmeremade d ur i n
to reduceheoperational costs of this new CAS aircnasultingin a lowercost per houthan the

A-10. Featuredspecifications for this aircraibicludessome of thdollowing: maximum external

payload capacity df6,000Ibs,acombat radius a250nmiwhen fully loadedtwo-seater cockpit,

maximum climb rate of 10,000 ft/min, cruise speed of 350 krwtd,using the same GH-34

turbofan engines andAU-8 gatling canonbothfound on the A10.
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Chapter 171 Introduction

1.1 General Overview

Close air support, or CAS, s&spredominant method to display air superiority. It is a
military action in supporting ground forces using aerial strikes from an aircraft. CAS was first
used back in the First World War whihe British designed the first growadtack aircraft, a
modified F.E 2b fighter capable of carrying 20 Ib bombs and mounted maching¢lguager
exhausting their ammunition, the planes would rearm and refuel before returning to the battle
zone to provide additional CAS. This tactic was later judged critical aeplarhere infantry was
pinned down [2].

The evolving battlefield required CAS to evolweh it, introducing more designated
aircraft to fulfill the CAS roles. In modertiay, these include various military helicopters, the
Lockheed AG130 gunship, anthe A-10 Thunderbolt Il. First introduced back in October 1977,
the A-10, also known as the Warthog, was manufactured by Fairchild Republic and was designed
solely for providing CASor friendly ground troops, attacking armored vehicles, and providing
guick-action support against enemy ground foli@sTheA-10 is still in service for the U.S.
Air Force, with its service life extended to 2040 with no planned retiremenfddaiéis project
aimsto explore a conceptual design of a new CAS aircraft for the new modern battlefield while
possibly improvinghe range and payload aspectshaf A-10.



1.2 Literature Review

Close air support is a cruciahddangerous tactic needed in the armed forcesregu
specific aircraft designed for this type of mission. This seattersthe details of CAS, the
outlook for designing aircraft for this role, and the current aircratft fulfilling this mission with
their respective features.

1.2.1 CAS

In terms of militarytactics, described in a joint publication by the U.S. Department of
DefensgDoD), CAS is defined as an air action whése=d or rotarywinged aircrafpperform
airstrikes against hostile targets near friendly fofbgsThis requirel detailed integradn of
each air mission with the fire and movement of the following forces: attacks with aerial bombs,
glide bombs, missiles, rockets, aircraft cannons, and even dieutegy weapons (e.dgasers).
CAS requires excellent coordination with friendly gndiforces due to how cldgeperformed
these attacks are. From the perspective of aflandc ce commander , air power
contribution is in weakening and impeding enemy forces before they reach friendly troops. An
article from Task and Purpeseaffirms this insight. This partnership approach between ground
and airborne forces is the most suitable against the largest number of adversaries. It can easily be
adjusted toward greater prominence for either paf@jer

Several opportunities areade available with CAS. One key finding in military
operations is the increased Armyods interest i
more strategically deployable and agile on the battlefieldsreducing the weight of ground
basednunitonssuch as artillery brigademdincreasingArmy requests for CAS and air
interdiction[6].

The opportunities for effective partnering of air and ground forces are likely to grow
significantlyin the futurelt is recommendedat the Army and the Air Force collaborate and
develop new concepts and technologies to sppelis process. This includes a new aircraft
with updated technology that would effectively designate targets while ensuring essential
oversight of friendly grouth forces remains roaming over the battlefi@d The DoD realized
CAS is notjusta critical tactic but a crucial partnership between ground and air forces to
overcome great adversaries they might face.

1.2.2 Future Of Attack Aircraft

As mentionedefore, with the state of ground combat evolving every day, the concept of
CAS must evolve with it. This evolution includes communication systems, integration methods,
weapons, and even the aircraft itself. In a notable event, describad lnght Aircrdt by
Weisgerber, jepowered fighters have been a constant presence, striking critical targets and
carrying out other missions during the &8 wars in Afghanistan and Ir§ig]. However, the
sounds of thunderous jet engines could be competing witletinen of the higkpitched wail of
the turboprop. Based on this article, the U.S. Air FOUE®AF) is currently deciding whether to
bring the return of light, predriven attack aircraft. In other words, the fleet of military aircraft
may see a mix of bothrop-driven and jeppowered aircraft sortied for irregular conflicts. This



change stems from two significant findings. First, it has become more noticeable that Air Force
pilots are dropping fewer bombs and performing more armed overwatch missions. &preov
secondthedegradation of higiperformance aircraft has become more prominent in brutally
fastpacedoperations since 2001. One year in Southwest Asia is equivalent to five to seven years
of reattime degradation.

Therefore, the USAF believes the lusion of turboprogdriven light attack aircraft may
solve this probl em. 't could reduce billions
costs. In addition, compared to jet fighters, light attack aircraft consume much less fuel allowing
them to flyfor hours without refua@hg. The article also noted that these light attack aircraft are
desiredtobetws eat er aircraft. 't is known that a pi
during a tweship tasking as one aircraft is frequently gettiag fom a tanker while the other
aircraft performs the CAS mission. Air Combat Command detenhtireg this creates an
unacceptable burden of responsibifity low-time, inexperienced wingmen. Therefore, if an
aircraft provides a twaeater design, theaecontroller could manage forward air control, strike
coordination and reconnaissance, air interdiction, and joint terminal attack controller training. At
the same time, the primary pilot can concentrate on their primary task, which is close air support
and armed reconnaissance. As one field grade officer opined, this would allow lieutenants and
captains to gain their needed combat experience and get better at what they do.

I n addition to the USAFO6s desireditaggesi gn a
Institute of Science and Technology at Dhaka performed a design and optimization study for
ground attack aircrafB]. This report suggests minimum mission requirements that a newly
conceptualized attack aircraft must meet to be consideredsak attcraft. These requirements
were extracted from a market analysegarded as applicable requirements for aircraft design: a
minimum range of 1,080 nautical miles, maximum Mach number of 0.65, a ceiling flight of
45,000 ft, payload capability of 1®0 Ibs, and a load factor ranging between +8to

Their configuration involved a bullethaped fuselage, lewing design, an Hail, high
bypass turbofan engines for propulsion, and retractable landing gear. The fuselage requires a
minimum fuel volumecapacityof 187 f£ and a single pilot on board. Therefore, their fuselage
design had an overall length of 49 ft and a diameter of 5 ft. The wing design is needed to produce
enough lift to carry out the entire mission requirement while having enough btteragrry
fuel, payload, and engines onboard. Thus, the team selected a-RIGAairfoil which yielded
an ideal lift coefficient of 1.1 and a net maximum lift coefficient of 1.5. As for the tail design, an
AHO tail was sel ect egdsestpmducet sy the engines thprevemtdheat e x h a
seeking devices from locking on. A high bypass turbofan was chosen as it was the best option for
a subsonic attack aircraft, with both engines mounted aft and over the fuselage with pylons.
Finally, retractal# landing gear allows their aircraft to be more aerodynamically efficient.

When comparing their aircraft to the existinglA, it had an overall smaller fuselage
length with a reasonably longer wingspamfortunately it resulted in a lower takeff weight
with a difference of roughly 5,000 Ibs. The thrtstveight ratio is slightly higher, with a value
of 0.39 compared to the-A 0 6 s -to-vireight tto of 0.36. The study declared the design a
noteworthy succesgigurel.1 shows their final aircraft design, which undoubtedly has a similar
look to the A10.



Right Hand side view

Front View

Figurel.17 CAD model of Shohan, et dinal aircraft design[8]
1.2.3 Mission Profile of Typical CAS Aircraft

The general mission profile for air superiority can be seéiguarel.2 provided by
Raymer9]. This is only a general representatafra typical military aircraft providing close air
support, whether from an AC30 gunship or a2 stealth bombeihe attack acraft would
take off from its assigned forward operating bd@¥@B) andclimb to its cruising altitudeAs it
arrives at its operation area, it would descend to its required supporting altitude. From this
position, the aircraft would drop its ordinanperform standard ato-ground attacks, or cruise
above allied ground troops providing overhead
complete, it ascends back to its cruising altitude. It returns to its original FOB or another allied
airfield, passibly loiteing nearby before landing.

mipariority Land

Figurel.2i Generalmissionprofile of referencq9]

This is the gener al concept of an attack a
described above. A further breakdown of this mission prfiteetailed later in the following
chapters regarding the conceptual aircraft.



1.2.4 Comparative Aircraffor CAS

This section covers the comparable aircraft currently or will be available for light or
heavy CAS missions. This sectidividesinto two parts: the Lightlass and the Heawyass of

attack aircraft.

1. Light-classattack aircraft

Currently, theUSAF is looking into registering light attack aircraft to their growing
arsenal of military aircraft. These aircraft have an official designation of Observation, Attack,
Concept{OA-X) aircraft,includingthe Beechcraft A¥6 Wolverine, the Embraer Supeudano,

and the Textron AirLand Scorpion.

Tablelllistseac h ai
aircraft seen ifFigurel1.3, Figure1.4, andFigure1.5.

rcraftods

mi s s iwithnmagep@ eachf i cat i o

Tablel.17 Light-classattackaircraft missionspecifications

Aircraft: AT -6 Wolverine Super Tucano Scorpion
' [10] [11] [12][13] [14]
Powerplant Single, Turboprop Single, Turboprop 2x Turbofans, 4000
Diesel Engine, 1600 hp Diesel Engine, 1604 hg Ibf thrust each
External
Armament 4110 lbs 3300 Ibs 6200 lbs
Payload (1864 kg) (1500 kg) (2800 kg)
Capacity
Crew 2 2 2
1600 nmi (w/o
: external fuel),
Max Range 1725 nmi 2200 nmi (w/
external fuel
Combat Range 130 nmi
Max Speed Mach 0.67
Cruise Speed 280 knots
Max Takeoff 10,000 Ibs 11,905 Ibs 22,000 Ibs
Weight (4535 kq) (5400 kg) (9980 kq)
Endurance 4.5 hrs(internal), 7.5 hrs 8.4 hrs 5 hrs
(4 external tanks)




Figurel.31 Beechcr-aft'AT6 Wolverine[10]

- i R

Figure1.57 Textron AirLand Scorpiofil6]

The American AT6 Wolverine is a multmission, light attackand armed
reconnaissance aircraft. It features a low cantilever wing, séabenclosed cockpit, and a
1600 hp turboprop engine. Similarly, the Super Tucano is another light attack aircraft from
Brazil with the capability of providing light CAS. It al$eatures a low cantilever wing aad



two-seat configuration enclosed cockpit design. A single turboprop engine with the capability of
1604 hp is used to generate thrust for the Super Tucano. Finally, and unquestionably different
than the two previously néioned, the Scorpion is an American jet aircraft capable of light
attack, intelligence, surveillance, and reconnaissance duties. It also featureseattwo
configuration cockpit with a cantilever highing instead. The Scorpion includes twin turbofan
engnes, each capable of 4000 Ibf of thrust.

Looking at these three aircraft, the first notable distinct feature of the Scorpion is its jet
powered capability. This allows the aircraft to carry much more payload and accelerate at a
higher rate than the twartopropdriven aircraft. However, its combat and max raisdewer
since jet propulsion consumes much more fuel faster. Thus, both tBeaAd@ Super Tucano can
travel much further and longer than their jet counterparts. All three aircraft advertiseseatisr
configuration which is beneficial to the
previous section, Future of Attack Aircraft.

| ead

2. Heavy-classattack aircraft

Many jet fighters are currently or have been designed for CAS fidlessetion
examineghree unique jet fighter aircraft with CAS missions kept in mind: the Lockheed Martin
F-35, the Sukhoi S@5, and the Fairchild Republic-20. Table1.2 lists the mission
specification and other notable features of each airérigftire 1.6, Figurel.7, andFigure1.8
present images of each aircraft.

Tablel.27 Heavyclassattackaircraft missionspecifications

A-10
Aircraft: F-35 Lightning Il [17] Su-25 Frogfoot[12] | Thunderbolt Il
[3]
Single Turbofan, 25,000 , 2x Turbofans,
Powerplant Ibf, 40,000 Iof w/ | 2X Turbojet, 9930 Ibf | gheryc it
thrust each
afterburner each
Internal/External
Armament 5700 Ibs/15,200 Ibs 0 Ibs/9700 Ibs 01bs/16,000 lbs
Payload Capacity
Crew 1 1 1
Max Range 1500 nmi (internal fuel) 540 nmi 2241:0623“ w/
. . . 4 250 nmi (CAS),
Combat Range 669 nmi, 760 nmi (aito- | 400 nmi (SL, 9700 Ibs 252 nmi (and
air config) PL, 2 external tanks)
armor)
Max Speed > Mach 1.6 Mach 0.77 Mach 0.57
Cruise Speed 500 knots 300 knots
Max Takeoff Weight 70,000 Ibs 42,550 lbs 50,000 Ibs
Endurance




Figurel.61 Lockheed Martin F35 Lightning I1[18]

Figurel.71 Sukhoi Su25 Frogfoof19]

Figur/e1.8'|' Fairchild Republic ALO Thunderbolt I[20]

The F35 is an American fifttgeneration stealtfighter designed for muliole combat
purposes, including air superiority and CAS missions. It is a ssegéer, blended wing body
aircraft featuring a single turbofan engine capable of 25,000 Ibf of thrust and afterburner effects
allowing a maximum thust to 40,000 Ibf17]. Depending on its variant, it could include a center
lift -fan enabling the B35 to perform Short Takeoff and Landi(§TOL) or Vertical Takeoff and
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Landing (VTOL) duties. This gives the3s much more operating capabilities in various
environmentsThe Su25 is a Soviet Union variant of an attack aircraft designed solely for CAS
or antkarmor missions. It also features a sing@at cockpit configurain but is equipped with

twin turbojet engines. Its overall configuration is a standard jet aircraft with alingh

cantilever design and-3haped empennage. Finally, the last aircraft of comparison is the
American A10 Thunderbolt I, also solely desigphfor CAS missions in the Cold War era. It is

a singleseat aircraft with a cantilever lewing design and an4dhaped tail. Two turbofan

engines are driven, each producing 9065 Ibf of thrust, mounted above the fuselage with pylons

3.

Each aircrafts designed significantly differently while capable of providing CAS as
intended. The B5 is a fifthgeneration fighter and much newer than th&Sand A10. Due to
its high thrust capability, it can carry much more payload, internally and extermallyraael
faster than the speed of sound (supersonic). In addition, since its overall design is a blended wing
body, the F35is stealtty andcanlaunch coordinated attacks before adversaries can see them
coming. Moreover, since it is a mutble fighter,the F35 can do more than just CAS missions.
However, due to its highnd specs, the-85 is very expensive and must be flown sparingly.
This issue is further discussed in a later section.

On the other end of the spectrum, the2Stand A10 are solely ésigned as attack
aircraft during the Cold War. Both feature twin jet enginessamilar maximum takeoff weight.
One difference between the twalieir payload capability. Although the-20 has a lower thrust
capability, it can carry more external paydeaAnother notable design difference is their tails.
The Su25 features a conventional tail, while thelB has an Fshaped tail. One benefit of the
H-shaped tail is that it allows much more stable flight, mainly when diving to perform its attack
run. Andher benefit is that it reduces the heat signature from its twin engines. This would allow
some counterplaggainstheatseeking weaponry. Both aircraft are still in service in their
respective armed forces but are undoubtedly becoming outdated to manenraod
sophisticated aircraft.

1.2.5 Engine Comparison Study
This section covers the comparable jet engines currently available or used for known

aircraft capable of CAS missions. Specifications of these engines can be $ablein3 with
images inFigure1.9 throughFigure1.12.



Tablel1l.37 Engire variants andpecifications

Engines: =0 Tumansky R-13[22] CIE VIRsk PW F135[24]
[21] [23]
, Two-spool,
Geared . Twin-shatt, Axial Flow,
Class Turbojet High Bypass
Turbofan Augmented
Turbofan
Turbofan
Length 49.7 inch 181.3 inch 100 inch 220inch
Diameter 39.4 inch 43.1 inch 49 inch 46 inch
27,000 Ibf
35004750 8970 Ibf (dry), (dry),
B AT lof 14,320 Ibf (wet) 9000 Ibf 43,000 lbf
(wet)
Specific Fuel 0.4690.517 | 0.93 Ib/Ibf/hr (idle),
Consumption SEC)| Ib/lbffhr | 2.09 Ib/lbf/hr(wer) | O-371 lo/lbf/hr
Thrust to Weight 4753 5.4 6.28 7.47
Ratio
Afterburner No Yes No Yes
Fairchild
Application ;’extr(_)n Sukhoi Su25 Republic Loc_kheed
corpion A-10 Martin 35

Figurel.91 Honeywell TFE73Xurbofanengine[25]
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TF34-GE-100A

Figurel.1271 Pratt & Whitney F13%®ngine[27]

The TFE731 is a geared turbofan engine commonly used on business jet aircraft. It was
initially designed by Garrett AiResearch and later produced by Honeywell Aerospace, with its
design based on the core of the TSCP700. The design featured two critoral flaev fuel
consumption and low noise profile. Since B8R variant, 70 improvements were made,
including improved core and lepressure spool technologies, new digital electronic engine
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control (DEEC), and a complete nacelle and thrust reversensjZi¢ The R13 is a Soviet
turbojet engingasuccessor to the-R1 enginedesigned by Sergei Alekseevich Gavribaving
a two-spool axiallow turbojet featuring a new fivstage higkpressure compressor, new
combustion chamber, new afterburner, grehter use of titanium componef28]. The General
Electric TF34 is a high bypass military turbofan endghedelivers the highest thrus-weight
ratio, lowest specific fuel consumption, and the quietest operation in its class. 2,100 TF34
engines hAve been produced, accumulating over 13 million engine flight hours spanning combat
and peacetime missiofia3]. Fnally, the F135 is a fifttgeneration mixedlow after-burning
turbofan engine. There are two variants of this engine, a ConventionaDFa&ed Landing
(CTOL) variant and a twaycle Short Take&ff Vertical Landing (STVOL) variant, which
includes a forward lift faf28].

The R13 is the only turbojet engine presented in this group and has atthmsight
ratio that is approximatelhe average of the other three turbofan engines. Because it is a
turbojet, it has a very high SFC and thus requires additional fuel to operate. This explains why
the Su25 requires ferry tanks to achieve only a maximum range of 500 nmi. Though powerful in
its time, the RL3 is not a very efficient engine compared to the GE TF34 engine, which was
produced in a similar timeline.

The TFE731 and TF34 engines are turbofan engines and do not feature afterburning
capabilities. The TFE731 is much smaller thanTtR84 and can only produce roughly half the
maximum thrust compared to its competitor. Although with a lower thrust output, the TFE731
has a higher SFC. Finally, the TF34 has a favorable thowgeight ratio given its lower SFC.
Overall, the TFE731 is srilar and lighter butess efficient than the TF34 output.

Finally, the F135 by Pratt & Whitney is the longest out of the bunch, with a much higher
thrust output and higher thrust-weight ratio. The SFC for the F135 is unknown, thhet media
has mentionedhultiple times how expensive the fuel cost is for opagasiuch an engin@ratt
& Whitney is currentlycooperating with the US Navy on a thtock improvement plan. The
first block involves a 710% increase in thrust and &% lower fuel burn. The plans include
better cooling technology for turbine bladegraasing the engine's longevity, and substantially
reduéng maintenance costs. Blotkowor ks wi th the US Air Forceds
Transition Program to introduce technology for an engine rated at 45,000 Ibs of thrust in a sixth
generation fightef29]. Though the F135 is much newer and more advanced than the previous
three and shows a promising future, it is yet to be seen as a favorable and applicable engine for
future aircraft.

1.2.6 Flight Operations Cost

Another aspect of the design that musinwestigateds the operational cost of the
aircraft. A basic understanding of how the cost is determined for an aircraft is reviewed in this
section to give a better sense how to approach the cost evaluation of the new designed aircraft.
Chapter 21 Cost Analysiswill give a detail breakdown of the actual cost analysis of the
designed aircratater presenteth this report.
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There are two types of costs to consider: (1) the research, development, design, and
manufacturing costRDDMC), including testing and production launch costs, and (2) the
operational cost (OJRBO0]. Military aircraft use lifecycle cos{LCC) rather tlan direct operating
cost (DOC), mainly used for commercial aircrétfis the cost involved for the entire fleet from
Acradle to grave, o0 including disposal. This i
flowing back (e.g., paying customef8]]. A typical LCC for a military aircraft is listed below
in Tablel.4.

Tablel.47 Life cycle cost of military aircraff31]

RDDMC Production In-service Disposal
Engineering Parts manufacture Operation Scrappng
Ground testing Assembly Maintenance Complete disposa
Technology demo Tooling Ground Support
Prototype flight test Deliveries Training
Tech support Postdesign services
Publication Administration

Only the OC portion of the LL@ investigated for this sectiaf this project,
specifically the cost per flying ho¢€PFH).CPFH is a very complex subject as it depends on
the purpose of giving such a value. Therefore, there is no single value or a@metiscussing
an aircraftodos CPFH.

According to a report from the RAND Corporation, the term CPFH has been used in
different contexts in Do[P32]. These different contexts include its usage in budgeting for the
s er vi c eheu prdgdamsieimigursable rates for customers who use DoD aircraft,
responding to requests for information outside DoD, and -@ystem comparisons.

In terms of flyinghour program budgeting (FHPB), it is the idea that if one wishes to
adjust flying hours incrementgl(up or down), how much must the FHPB change? Or vice
versa. Thus, CPFH used in FHPB is intended to capture only elements of cost that are directly
variable with flying hours. This calculation can be seeeguation(1.1), where DLRs represent
the depot level reparable variable of the aircraft

5 5O "O(’)'Qr‘éjééi 6 a & tYi L1)
70 o @ R '

Another usage of CPFH is for flyiAgour reimbursable billing rates, basically, how much
other DoD, other federal, other customers, and foreign military should be charged on a per
flight-hour basisThe typically prescribed rates for DoD customers usually include costs found
in FHP CPFH and depot maintenance costs and, if applicable, variable contractor logistics
support(CLS) costsAs for other federal agencies and foreign military sales, theseaaver
the DoD ratedbs cost categories and all ocati on
public rates, including all thebovementioned casplus an allocation for asset utilization
(depreciation) and unfunded civilian retirement coBbeseratesaresummarized in their
respective calculations found @éguationg1.2) through(1.4).
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Many from Congress and media requesting informatioaperations and support cost of
an aircraft are also given in CPFH. These requests typically involve the question: How does the
CPFH of one aircraft compare to another? Or what does it cost to fly a particular aircraft? The
individual responsible for respding to the inquiry would either choose the or the
6 0@ definitions, given the circumstance.

The F35 costs $42,000 per hour of flight during its assigned missions, compared to the
A-10, which only costs $19,00@0,000 per hour of flighi33]. That is a massive difference,
especially when performing the same close air support mission. Of course, the Air Foree prefer
to use the ALO to perform its routine CAS missions while using tH&SFor much more
demanding missions to offset its high cost. Gen. Mark Welsh, former chief of staff, suggests that
an aircraft designed for CAS should be priced between $4,000 and 5,000 p@4hddnly the
aircraft of the OAX project is known to have adht cost as envisioned by Gen. Welsh and the
Air Force[33]. Assuming these given costs are defined & , it can be assumed that one
of the main contributing factors to the CPFH is fuel consumption. Therefore, engine @esigns
further investigated to help reduce this cost throughout this project.

1.3 Objectives

The purpose of this project is to explore the following possibilities:
1 Reduce the cost of the flight for a CAS mission
1 Use the same engines found on th&Ato maintain fuel eftiencywhile still
compensating the recoil force from the GE GA&ldatling cannon
1 Integrate a second pilot on board to assist in reducing the workloadpoirtizey
pilot during CAS missions.

Currently, the flight operation cost of thel® isbetween $19,008nd20,000 per hour
of flight [34]. The projecinvestigatevariousdesignconfigurations, study similar attack
aircraft,and buildthe aircraftoased on finding® reduce operational costsis also desired to
use the same efficieengines found on the-A0 while ensuring the new aircraft does not create
too much drag reducing the exThes engigeseediagi ne d s
staypowerful enough to compensate the 45 kN recoil force of the gatling cg@BloRach of
the A1 06 s engi mpredsiced.8 kNrofnstallddiyrrust[36]. Therefore, each time the
gunfires, theaircraft's thrusis halved. It is desiretb maintain this effect or improve it through
aerodynamics and increase the installedstheapabilitiesFinally, the intent of including a
second pilot would reduce the workload of the primary pilot by assisting them in communicating
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with friendly forces, determining the location of suppression, and planning an interception of
flight with ease. Hopefully, the extra hand onboard would overshadow the additional weight
onboard when performing thveeight analysishroughouthe project.

1.4 Methodology

The conceptual design will require understanding the mission, knowing similar aircratft,
andfolowi ng met hods described in fAAircradt Desi g
AAT rpl ane D e stoagrinedat the yinalRansegtwwlndesign. In the initial stages, the
role and objectives of CAS must be understood to know the types of weapons to carry,
maneuvers that would be performed during the missiontreralerage required response times
to assst friendly ground forces he overall mission profile diagradepictst he ai r cr aft 0s
objectives A compilation of existing known aircraft with CAS capability will then be put
together for reference, with a trade study to follow. This database wssitd e gathering
required estimates of the new conceptual aircraft, including requiredtiakeight, empty
weight, payload weight, lifto-drag ratio, and wing aspect ratio. Also, an overview of desired
engines will be investigated and help deterntireedesired thrust and fuel efficiency.

Once the required estimated values have been determined, performance sizing will follow
similar methods presented by Rayraad Roskamvhile assuming a jdighter class typeThe
final desired values will be obtad through iteration usingarious computer programs
includingthe RDSwin programXFLRS5, and AVL Additional required designs and analyses
will continue through the outlined methods of Raymed RoskamPhysical design aspects of
the conceptual aircraftill also be completed, such as the cockpit, fuselage, wing, tail, and
avionics systems.
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Chapter 27 Mission Specifications
2.1 Mission Specification

Moving forward, the conceptual aircraft of this project will be designated aS84rA
Table2.1 outlinesthe YA-9 4 feguiredcapabilities and grformance.

Table2.17 YA-9 4 fnissionspecifications

General Characteristics
Crew Size 2
Max External Payload Weight | 16,000 Ibs | 7,300 kg
Powerplant 2x Engines
Performance
Max Speed (ﬁﬂofcﬁngtg) 460 MPH | 740 KPH
Combat Radius 250nmi 288 miles 463km
: 350 knots
Cruise Speed (Mach 0.52) 400 MPH 645 KPH
Stall Speed 120 knots 138 MPH 222 KPH
Service Ceiling 50,000 ft 15,240 m
Cruising Altitude 30,000 ft 9,144 m
Takeoff Distance 2,000ft 610m
Landing Distance* 2,000t 610m
Sustain Turn Rate | GLoading b°/sec| 2-Gs
Instant Turn Rate | G-Loading Cr0%sec | 6Gs
Turn Radius 2,000 ft 610 m
Rate of Climb 4,000 ftmin 1,220m/min
Armament/Miscellaneous
ﬁj‘iﬁ%ﬁfﬁjﬁgg 620 Ibs | 4,029 Ibs 282 kg | 1,800 kg
External Hardpoints 11
Aerial refueling capable Yes

*Required distance during ground run only

The YA-94 is suggested to carry similar external provisions as th@ &nd carry any
combination respected to its mission. Weapon and equipment types and their singular weight
values are shown ihable2.2tounderstandhe airc af t 6 s p ay ITledadiclobadogga b i | i t
configuration can be seenAppendix A Latersectionlays outspecific armament combinations
perthemission profile modellt must be noted that tHéSAF requires the new CAS aircraft to
have a groundoll distance of no more than 3,00Q3%]. It will be later determined in this report
and additional iterations that the Y3¥% exceedshis requirement and thus a ground roll for both
takeoff and landing is only stated at 2,000 ft in the above table.
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Table2.27 Armamenttypes andveights

| Max Quantity | Weight (Per Unit)
Rockets
LAU-61/LAU-68 Rocket Poc 4 463 1bs/316 Ibg 210 kg/143 kg
LAU-131 Rocket Pod 6 160 lbs 72.5 kg
Missiles
AIM -9 Sidewinder 2 188 Ibs 85 kg
AGM-65 Maverick 6 210304 lbs 95-138 kg
Bombs
Mk 80 Unguided 1-2 2502,000 Ibs | 113907 kg
Mk 77 Incendiary 2 750 Ibs 340 kg
Cluster 2 750 Ibs 340 kg
Paveway Laseguided 1-2 250-2,000 Ibs | 113907 kg
Joint DirectAttack
Munition (JDAM) 1 2,000 Ibs 907 kg
Wind Corrected
Munition Dispenser (WCMD) 1 1,000 Ibs 454 kg
Other
Flares Pod 1 28 Ibs 12.7 kg
ECM Pod 1 440 lbs 200 kg
Targeting Pod 1 450 lbs 204 kg
Drop Tanks 2 600 US gal 2,300 L

2.2 Mission Profile

Figure2.1 represents the typical mission profile the -8A will accomplish. It is similar
to the mission profile of an-A0 or any other attk aircraft.In segment 1, the aircraft taxi and
takeofs from a Forward Operating Base (FOB) runwiysegments 2 and 3, the aircreitnbs
to its cruising altitude, where it would level out and cruise until it reaches its operations area.
Depending on the distance, the 304 may require aerial refueling during segment 3. This is to
avoid carrying unnecessary fuel and reduce the risks of ®it reaches segment 4, the aircraft
lowersto its operating altitude and provilair support as necessary. Segment 4 may vary in
support requests. Three different close air support mission praféesvered in the following
parts: antpersonnel gpport, antarmor support, and armed reconnaissance. Once the air
support has achieved its objective, the airdraiinssegment 5, regaining its cruising altitude
andreturningto its original FOB or another allied airbase. During segment 5, the aimcagf
require another aerial refueling before returning. Segments 6 and 7 cover the aircraft's descent
and landing, respectively. The aircraft may require loitering during segment 6, awaiting further
instructions before making its landing approach.
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2.2.1 Anti-Personnel Support Mission Profile

The mission profile for AntPersonnel Suppois seen inFigure2.2. As segment 4
begins, the YA94 would lower its altitude and drop its weapon payload at marked locations
designated by a ground controller. The external payload for this sortie may incldiokothieg
combination: Rocket pods, lightweight unguided bombs, incendiary bombs, cluster bombs, or a
lightweight Paveway lasegyuided bomb. In addition, the ¥84 may also include a flare pod or
an ECM pod in case of hostile aair ordinanceTable2.3 provides a sample loadout for this
mission including total armament quantity and weight.

Once all external weaponry payload has been deployed, thafaimay begin
performing strafe runs along the enemy lines, as needed, with its onboard gatling cannon. When
completed, and if needed, the aircraft could loiter for an additional amount of time before
returning home.

DESCEND

PAYLOAD DROP

CLIMB

STRAFE RUN

3 4 5

Figure2.21 Anti-personnemissionprofile ssgment
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Table2.31 Anti-personneloadoutsample

| Quantity | Weight (Per Unit)
Rockets
LAU-61/LAU-68 Rocket Po( 2 | 463 1bs | 210 kg
Bombs
Cluster 4 750 Ibs | 340 kg
Paveway Laseguided 2 250 Ibs | 113 kg
Other
Flares Pod 1 28 1bs | 12.7 kg
ECM Pod 1 440 1bs | 200 kg
Gun Loaded Yes 4,029 Ibs| 1,800 kg
Reqb6d Hali Total Weight
10 8,930 Ibs| 4,050 kg

2.2.2 Anti-Armor Support MissiorProfile

During an AnttArmor Support mission, where enemies may have tanks or other armored
vehicles, the aircraft may repel the hostile forces with a combination of the following: Maverick
missiles, a heavweight unguided bomb, a heaweight laseiguided bomb, a JDAM, or a
WCMD. The YA94 may also carry along flare or ECM pods to counter enemy fire. During this
profile segment, depicted Figure2.3, the aircraftdropsall its necessary payload as called out
per the ground controller and most likely resitm base immediately. The aircraft has carried a
much heavier payload, increasing fuel consumption, and may not stay within the zame for
extended amount of tim&his is determined to be the most critical mission profile for the
aircraft.

PAYLOAD DROP

3 4 5

Figure2.31 Anti-armor missionprofile ssgment
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Table2.47 Anti-armorloadoutsample

\ Quantity | Weight (Per Unit)
Missiles
AGM-65 Maverick | 6 | 3041bs | 138 kg
Bombs
Mk 82 Unguided 3 500lbs | 227kg
Paveway Laseguided 2 2,0001lbs | 907 kg
Joint Direct Attack
Munition (JDAM) 1 2,000 Ibs| 907 kg
Other
ECM Pod 1 440 lbs | 200 kg
Targeting Pod 1 450 Ibs | 204 kg
Gun Loaded Yes 4,029 lbs | 1,800 kg
Regdd Hal Total Weight
10 14,200Ibs | 6,440kg

2.2.3 ArmedReconnaissance Mission Profile

Finally, Figure2.4 portrays a typical profile segment for ArmBeconnaissance. The
aircraft would descend to an observable cruising altitude during this msegjoment and
provide overhead reconnaissance for allied ground forces. This would lastiteaded time
while occasionally providing air interdictions. Since the aircraft would be loitering for quite
some time, fuel drop tanks are most likely to beiedralong to extend the flight duration. Tanks
woul d be required to drop off before engaging
external payload necessities are showhahle2.5, including rocket pods, Maverick missiles,
light-weight unguided bombs, a flare pod, or an ECM pod. The payload would need to be light to
increase the aircraftoéds endurance for this pr

PAYLOAD DROP

3 4 5
Figure2.41 Armedreconnaissanamissionprofile segment
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Table2.57 Armed recodoadoutsample

| Max Quantity | Weight (Per Unit)
Rockets
LAU-131 Rocket Pod 2 | 1601bs | 72.5kg
Missiles
AGM-65 Maverick | 6 | 3041Ibs | 138kg
Bombs
Mk 80 Unguided 2 2501bs | 113 kg
Paveway Laseguided 1 250 lbs | 113 kg
Other
Flares Pod 1 28 Ibs 12.7 kg
Drop Tanks 2 600 US gall 2,300 L
Gun Loaded Yes 4,029 Ibs | 1,800 kg
R e q Eaddpoints Total Weight
10 11,000 Ibs| 5,000 kg

2.3 Critical Mission Requirements

Table2.6 lists the following critical mission requirements that must be considered when
designing the YA94. These are the minimum requirements this aircraft must fulfill to be
considered desigworthy.

Table2.67 YA-94 missionrequirements

Combat Radius 250nmi | 288miles| 463km
Armament Payload* 16,000 Ibs 7,300 kg
Crew Size Two persons
Cruise Speed 350 knots| 400 MPH| 645 KPH
Aerial Refuel Yes
Loiter/Armed -Recon 030 Minutes
Carry GAU -8 Cannort* 4,029 lbs | 1,800 kg

*Weight includes ammo
**Cannon considered part of structures weight
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2.4 Measure of Merit

Besides the aircraftos mi s si-% meetaddtionalr e men't
design characteristics to aid in the final design process. These additional conditions are known as
measures amerit, qualifying and quantifying thdemandor the arcraft. Below is a list of
measures of merit for the ¥84, ranked from most to least significant.

1. Affordable CFPH. Somewhere between $7,000 to $15,000 per hour of flight.

2. Low heat signature Engines should be mounted high, allowing engine exhaust to
cool off and prevent/reduce hesgeking lockons by adversaries.

3. Low empty weight Helps in reducing fuel consumption, allowing lower operation
costs. It is desired between 25,000 to 30,000 pounds.
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3.1

Introduction

Weight and sizing determine how big and heavy the aircraft must be to perform the
critical mission and carry the desired payload. This initial calculakdermineshewing and

Chapter 317 Weight Sizing

propulsion sizing for the required mission profiléis chapter shall wallhtough the initial
sizing approach of the YA4 to calculate its final takeoff, empty, and fuel weights. This is

accomplished by providing an estimated takeoff weight per the payload carried during the
i t er at imetlgppdsDifferent galuEsaepbtadnedd s
between the two methods and require an average to determine the final design weight values.

mi

ssion and

t hen

Two different loadout missions weedsoinvestigatedo determine the correct weigtat

accommodate the varying the loats aircraft may be armed with. Throughout the chapter, the
antipersonnel mission profile was used as an example to show how sensitive the initial guess
weight valuecan be and later why the heavier critical mission profile must be used instead

3.2 Weight Estimates

3.2.1 Takeofft and EmptyWeight Fractions

Table3.1yields a database of similar aircraft with their respective maximum takeoff,

design takeff, and empty weights. This estabkstan initial weight guess for the Y:84.

Table3.11 Database ofomparablenissionaircraft

Max Takeoff

DesignTakeoff

Aircraft Role Weight GrossWeight Empty Weight
Fairchild Republic CAS 50,000 lbs 30,384 Ibs 24,959 Ibs
A-10 Thunderbolt I (22,700 kqg) (13,782 kqg) (11,321 kg)
. 42,549 Ibs 31,835 Ibs 21,605 Ibs
Sukhoi Sk25 CAS (19.300kg) | (14.440kg) | (9,800 kg)
Lockheed Matrtin Multirole 70,000 lbs 49,540 Ibs 29,300 Ibs
F-35 Lightning I Fighter (31,751 kqg) (22,471 kq) (13,290 kg)
Textron AirLand Light 22,000 Ibs 17,800 Ibs 12,700 Ibs
Scorpion Attack/Recon| (9,979 kg) (8074 kg) (5,761 kg)
McDonnell Douglas Interceptor 61,795lbs 41,500 lbs 30,328 lbs
F-4E Phantom I (28,060 kqg) (18,824 kq) (13,757 kg)
General Dynamics| Multirole 42,300 Ibs 26,500 Ibs 18,900 Ibs
F-16 Fighting Falcor  Fighter (19,187 kq) (19,187 kq) (8,573 kg)

StudyingTable3.1 and having the ALO as the lead aircraft of reference, the-SA
takeoff weightsareapproximated as follosv

W
&)

viIMmmOi
octpnmwi
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w represents the design takeoff gl of the aircraft. It is determined with the
following equation:

o o @ @ @ 3.1)

The weight of both the crew and payload is known as they are givens per the design
requirements and dependemithe mission type. The YA4 is projected to carry a crew of 2
and a similar payload capability to theld. To keep the calculations and weiglsimplean
anti-personnel missiowas assumedhereforew T @ it cando offt TTaT @

This only leaves the fuel and empty weights unknown.

The empty weight can be estimated udtingure3.1. This graph, however, gives an
approximation in terms of an empty weight fractier . Another approach would be

referencinglable3.2 and usingequation(3.2), where A is a multiplier based on aircraft type, C
is the negative slope found figure3.1, and0 is the variablesweep constant. In this case

0 p8t TeinCe the aircraft being designed has a fixed sweep. Using the initial guessiod
a design of a jet fighter, the empty weight fraction can be initially approximated as 0.573.

Figure3.17 Emptyweightfractiontrends[9]
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Table3.27 Emptyweightfraction vs.w [9]

A |[{A-metric}| C
Sailplanei unpowered 0.86| {0.83} -0.05
Sailplane’ powered 0.91] {0.88} -0.05
Homebuilti metal/wood 1.19| {1.11} -0.09
Homebuilti composite 1.15| {1.07} -0.09
General aviatiofi single enging 2.36| {2.05} -0.18
General aviatiofi twin engine | 1.51 {1.4} -0.10
Agricultural aircraft 0.74| {0.72} -0.03
Twin turboprop 0.96| {0.92} -0.05
Flying boat 1.09| {1.05} -0.05
Jet trainer 1.59| {1.47} -0.10
Jet fighter 2.34| {2.11} -0.13
Military cargo/bomber 0.93| {0.88} -0.07
Jet transport 1.02| {0.97} -0.06
UAV 1 Tac Recce & UCAV 1.67| {147} -0.16
UAV i high altitude 2.75| {2.39} -0.18
UAV - small 0.97| {0.93} -0.06
© b 3.2
o ow v (3.2

3.2.2 FuelFraction Estimations

Estimating fuel cannot be determined through simple statistical means. Instead, the
aircraft to be designed must be fAfl ownod over
fractionrequirescalculaton over each segment of the mission profllee overall mission
profile includesthe combat segment presentedrigure2.2. Historical values of warmup,
takeoff, climbing and landing weight fraains can be used as initial estimates to simplify the
work, and hese valuearein Table3.3. This only leaves thmission profile's cruisdoiter, and
combat segments

Table3.3 1 Historicalmissionsegmentweightfractions[9]

Mission Segment | = A5 =
Warmup and takeoff  0.970
Climb 0.985
Landing 0.995

For the remaining segments, the SFC andarestimated. Assuming the propulsion of
a highbypass turbofan engine, the SFC during cruise and loiter can be assumed as 0.5/hr (14.1
mg/Ns) and 0.4/hr (11.3 mg/Ns), respectively. The L/D can be estimateRigime3.2,
resulting in an approximated L/D 0%,lassuming a comparison with tAe6. These values are
then plugged intequationg3.3) and(3.4).
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Equation(3.3) calculateghe fuel fraction during the cruising segment where R is the
range, C is the specific fuel consumpt-i on (SF
to-drag ratio(3.4) calculateghe fuel fraction during the loiter segment, where E is the
endurance or loiter time. It must be noted that C and L/D vary with speed and altitude.
Furthermore,lie YA-94 is designe to drop ordinance duringbmbat,making things more
complicated Therefore, the aircraft will experience very different performance characteristics
betweents mission profile's first and second half

(3.3)

(3.4)

Figure3.27 Maximum lift-to-drag ratio trendf9]

Once all weight fractions from each segment are determined, they are multiplied together,
determining the total mission weight fractian¥w . This value can then be plugged into
equation(3.5) to estimate the total fuel fractioAn assumption of a 6% allowance for reserve
and trapped fuel is madisingthe 1.06 multiplier.

© 81 @ 35
o P8tep — (3.5)
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3.3 Takeoff Weight Calculation

Once all emptyand fuelweight fractionsareestimated, the gross takeoff weight
iterativelyfoundusingequation(3.6). This is done by guessing the gross takeoff weight,
calculating the statistical emptyight fraction, and calculating tlggoss takeoffveight. If the
result does not match the initial guesdue, a value between the two is used for the next guess.

0 oTh o T (36)

331 RDSWin Program (Raymero6és Met hod)

The entire iterative process is done through the RDSWin progdiashow why
choosing the correct mission profile is importaniission profile for AntPersonneis chosen
with the following inputs shown ifiable3.4 provide the program's initial sizint will be later
shown that the program well underestimates the required weight for the aifataésin each
segment are also calculatatarziewed inAppendix B

Table3.47 Initial sizing inputs for RDSWin

Initial Sizing Inputs Imperial Units Metric Units
Takeoff Weight 50,000 lbs 22,700 kg
Weight of Crew | Cargo | Passengers | M 460|8,900 | 0 | 0 Ibg 208 4,100 | O | O kg
Class Jet Fighter
Fudge Factor 1.0
0'Q Air Force Fighter
Y TY 4.92
Parasitic Drag Fudge Factor 1.0
Wing Aspect Ratio 6.00
Oswald Span Efficiency (e) 0.80
Wing Loading W 0 | Tt TR
Propulsion Jet Propulsion
Thrustto-Weight ratio | SFC 0.35]037Yhr
Afterburner No
# of engines 2
Range 500 nmi
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The final weights were determined from the inputted table valsidisted below
However, it must be realizedhen usinghis programthe phase of dropping the payload or
dispensing the ammo midflightas not considered herefore, the following caltated values
are very rough estimates for the Yo4:

1 Takeoff weight: 32,000 Ibs(15,000 kg)

1 Empty weight: 19,600 Ibs(8,900kg)

1 Fuel weight: 3,300 Ibs (1,500 kg)

These values, however, are only for a typical CAS missiod weight values must be
calculated for a more critical mission. Therefore, an-Amthor mission was also analyzed,
changing the initial takeoff weight to 50,000 Ibs (22,700 kg) and the cargo weigho® 1bs
(7,300 kg). Again, the RDSWin program does not take into considerat payload drop. The
following weight values are obtained as follw

1 Takeoff weight: 50,700 Ibs(23,000 kg)
1 Empty weight: 29,000 Ibs(13,200 kg)
1 Fuel weight: 5,200 Ibs (2,400 kg)

The empty weight between the two missions differs significaAtlyaverage between
the two mission profiles is calculated to obtain the best estiffihig®givesa more reasonable
weight size for the YA4 when using RDSWin.

1 Takeoff weight: 41,400 |bs(18,800 kg)
1 Empty weight: 24,300 lbs(6,400 kg)
1 Fuel weight: 4,2501bs (1,900 kg)

332 Roskambés Met hod

On the other hand, Roskam's method consiol@ytoad dropoff and ammo dispensation
during a strafing r un. Pard: Pielimmary Smieg ohfrglanesf r om R
for a jet fighter vasused in a MATLAB program to determine the same weight categories
calculated from RDSWin. The MATLAB script for each m@siypewith a single iteration
sample for an AntPersonnel missioocan be refencedn Appendix C

The following assumptions were made wipemforming this method:

1 The onstant liftto-drag ratio of 5 wasused across all flight scenarjexceptduring
thecruise. A factor of .866 was used in the-ldtdrag ratio during cruise phases.
Constant SF@s used across the entire mission profile.

150 nmi range was considered for both crimsand cruiseout phases. 100 nmi range
was considered during the dasiit and daslin phasesThis brings a totalange of

500 nmi.

1 Cruise velocities were considered at ¥b0ts

T
1
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With these assumptions, tfalowing final weight values for AntPersonnel were
calculated:

1 Takeoff weight: 26,000lbs (11,800kg)
1 Empty weight: 16,200Ibs (7,350kg)
1 Fuel weight: 3,4001Ibs (1,540kg)

As fora more critical mission, the final weight values weatculated:

1 Takeoff weight: 58,000lbs (26,300kg)
1 Empty weight: 32,600lbs (14,800kg)
1 Fuel weight: 7,6001Ibs (3,450kg)

Once again, the two mission profiles caused a significant difference between the two empty
weight values. An average of the weightues will also be calculated for the Roskam method.

1 Takeoff weight: 42,0001bs (19,000 kg)
1 Empty weight: 24,400 Ibs(11,000 kg)
1 Fuel weight: 5,5001Ibs (2,500 kg)

3.4 Conclusion

It is concludedhat the Roskam method gives a much more realistic weight measurement
compared to RHowewerROskmembbowal ues have signifi
two mission profiles, anthe average is assumtedbeslighty misleading Therefore, the
MTOW is estimatedlosely to the knowMTOW of 50,000 Ibsound onthe A-10as it is
predicted that the YA4 can carnthe same payloadeight Boththe Raymer and Roskam
methods calculate a similar empty weight averagensmrdrounded down to 24,000 lihs allow
additional payloads and storage onboé&idally, the fuel weight is underestimated by both
methods when compared to thelB Thereforethe final value is increased to 8,600 Ibs, close to
the fuel weight found on the-A0.

1 Max takeoff weight: 50,000 Ibs(22,700 kg)

1 Empty weight: 24,000 Ibs(10,900 kg)
1 Fuel weight: 8,600 Ibs (3,900 kg)
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Chapter 47 Wing and Propulsion Sizing
4.1 Introduction

This chapter investigas¢he performance requirements aizing constraints of the YA
94.Therelationshigb et ween t he -taweight nate {TIW) and wirtg toadsd (W/S)
parameterare investigated to constrain various design aspects of the aircraft. Constraining these
aspects helpappropriately sigtherequired wingarea(S) and engine size (T)his is to avoid,
for example, oversizing the wing which could lead to unnecessary addglondtictiondrag.

Or under sizing the engines which could later lead to the aircraft underperforming climb or turn
requirementsThe followingperformanceonstraintareanalyzed and used to determine the
desired sizing factorsf S and T

Stall Speed

Takeoff Distance

Landing Distance

Cruise and Climb Estimates

Rate of Climb Estimate

Instantaneous and SustedTurning Estimates

= =4 =4 -8 -4 -9

When all constraints have been calculated, their values (in terms of T/W andné//S)
consolidated and plotted on a Matching Graph detengpthe aircraft's desired wing and
propulsion sizing while meeting all desirpdrformanceconstraintdisted above. The following
results are determined through a MATLAB code using very conservative values and sstimate
while also being replicatedsingRDSWin, whichgives closer toealisticvalues These inputs,
outputs, and processes can be founfigpendix O section27.0

4.2 Sizing per Stih Speed

The first main contributortothe Y8 4 6 s per f or mance i s its stal
minimum speed an aircraft must maintain to remain airborne. Also, this speed determines the
aircraftoés appr oa stherexgpreddaddingvdistaich. det er mi ne

Equation(4.1) estimateghe stall speed while determining the required wing loading for
this constraintw  is the estimated stall speed of the aircgafs the density of the air the
aircraft is traveling through, ari I's the maximum | ift coefficier
produce.

OTY ?w 5 (4.1)

Per the USAFO6s commiethdmqr rkdwdds iAdAokisngeisnt e
aircraft fiesat low altitudes at low speedmywhere between 150 to 300 kndiswever a stall
speed at 20 knots ischoserwith the maximum lift coefficient values set ab,11.6, andl.7 for
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theclean configuration. The following wing loading values are produc@alie4.1 and plotted
in Figure4.1.

Table4.17 Wing loadingrequiredduring stall

W 120 knots
) 15 16 1.7
® ﬁd(bi 78.72 | 83.97 | 89.21
“Y n@ . - .
‘j’_Y ﬁdgﬁ 384.34| 409.98| 435.56

Thust-to-Weight vs Wing-Loading, Stall

1 -
0.9
Clean, CL=1.G
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0.7
=
=06
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% 0.5
g
- 0.4
= }
E
=003
0.2
0.1
D 1 i i i i 1 1 1 i i
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Wing Loading (W/S), psf
Figure4.11 Requiredwing-loading astall speed
The wing loading ab P& is chosen as the stall condition due to the possible

higher MTOW than the A0. Therefore, a bigger winig predicted for the YA94. For
interpretation,tiis desired to have a wing loading left of the vertical plotted line suggesting a
larger wing desigeitherat this specified or lower values of W/Sbat p&.

4.3 Sizing per Bkeoff Distance

Thefollowingconstraint is the aircraftoés takeoff
relationship between the air dwavésttheequvéed S and T
distance the aircraft must travel to become airborndtancequired distance to cleam@nimum
50 ft obstacle for military aircraft, as described by both Raymer and Roskam. A diagram of this
takeoffis seerin Figure4.2.
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Figure4.21 Takeoffdiagram[38]

The takeoff constraint in terms of W/S and T/W can be determinecegitation(4.2),
whereTOPIs the takeoff parametey,is the air density ratio between the operating altitude and
sealevel standard atmosphecenditions, and s the lift coefficient during takeoff.

wTY

W “YOWB, Z0

(4.2)

The following assumptions were used to determine the above relatitosiap the
desired takeoff distance:
0 valuesof 1.6, 1.8, and 2.0
YO of p PF—
8
8 p8t

w TYvalues of 10, 20, 40, 60, 80, 100, 120, 40

1
1
91 Density ratio,
1

The TOP was estimated usiRgure4.3 at 3,700ft, which includes the total distance on
groundand in air Per the USAFatakeoff distanceés desired to be 3,000, fassuming this only
pertains to ground roll.e& levelaltitudeat standard atmosphere conditiomas considered
resulting adensity raticof 1.0
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Figure4.31 Takeoffdistanceestimation[9]

A tabulation of the T/W values shown inTable4.2, with their respective plots shown in
Figure4.4.

Table4.27 Requiredthrustto-weightratio fortakeoff

T

d’ﬁa id’ﬁ?m . 16 | 1.8 | 2.0

Y% vl (0] . . .
10 48.8 .0347| .0309| .0278
20 97.6 .0694| .0617| .0556
40 195.3 .1389| .1235] .1111
60 293.0 Y .2083| .1852| .1667
80 390.6 o .2778| .2469| .2222
100 488.2 .3472| .3086| .2778
120 585.9 4167| .3704| .3333
140 878.9 .4861| .4321| .3889
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Thust-to-Weight vs Wing-Loading, Takeoff
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Figure4.41 Required T/W and W/S faakeoff

It is desired taonstrain the aircratibove and to the lefif the plotted linesThis
indicates dargewing sizewith little thrust during takeoffFor comparison, if the Y24 has a
similar wingloading as the ALO atp Tt GF® with ad of 1.8, the YA94 would only
require a T/W of 0.35, closetothelA O 6 s T/ W of 0. 36.

When analyzing with RDSWin, it was determined that the94Avould require around
roll at2,742ft during takeoff This aligns very welvith the USAF takeoff requirement under
3,000 ft.It will be later determined through further iteration, the-94is capable of taking off
under 2,000 ft during the ground rohase.

4.4  Sizing per Landing Distance

The landing distance is ontlependenb n t he aircraftodés W S. Thi
determined byquation(4.3), whee the required W/S during landing is only a product of the
WI/S at stall (fromequation4.1)) and the ratio between tbitse airc
takeoff weightw .

&)

w w i} 43
VLY o (4.3
The following assumed values were used to determine the above relation:
1 Landing weighto ¢ 4 ¢ @ ceissuming all external payload dropped, 75% of

ammo dispensation, and 50% of fuel used up
1 Takeoff weightw v it Tt @ determined back in Chapter 3
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The following W/S variations are determinedhthe listed assumptions abovidne
following W/S variations are determinedTiable4.3 and plotted irFigure4.5.

Table4.37 Maximum wing loadingrequired forlanding

o 1.6 1.8 2.0
® h i 126.44| 142.25| 158.05
~ G . . .
® . QQ
~ hd— 617.33| 694.53| 771.67

Thust-to-Weight vs Wing-lLoading, Landing
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Figure4.57 Required W/S fotanding

This plot constrains how small the wing size can be regardless of generated thrust during
landing Therefore, it desired to size the wing left of the plotted vertical lines at or below the
desired W/S.

Using the same winfpading comparison of the-A0 and & of 2.0, the required
landing distance can be estimated usiqgation(4.4), resultinga total landinglistance of

2,348.5ft (715.8m). Y in equatia (4.4) is the requiredhorizontalobstacleclearance distance
450 ft for military aircraftto avoid a 50 ft height obstacle

p
, 0

Y b, Y (4.4)

When analyzing with RDSWin with the same thetotal required landing distance
comes out t&®,170ft (966 m) including both distances traveled in air amthe ground.
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45 Climb Estimates

Climbing requirements constrabothwing and enginsizingtogethemrequiring
relationship analysis betwed@dW and W/S The required thrust faheclimb isbased orthe
aircraftods cl i neguatpn4dd)dtheeatia betwearetlie ivartieat radécimb
(ROQ) velocity and the projected horizontal vely duringtheclimb.

YO 6
w

(4.5)

Per both Roskam and Raymer methodsizontalvelocity is estimated 30% above the
aircraftodés stall speed. For the ver tanclimbh port
at least 4,000 feet per minwean altitude of 5,000.fFor comparison, the-AQ can climbat
6,000 feet per minute. To understand the relationship between the thrust required and the vertical
ROC, a set of vertical ROC values were used to determine various climb gradiéd@oG:

5000, ands000 feet per minute.

With the various gradients tigmined, they are plugged intguation(4.6) to determine
the required T/W at each vertical ROC. Additional estimations were made assfollow

1 Horizontal Dynamic Pressung p & v— at 30% above stall speed and an
altitude of 5,000 ft.
1 Zerolift drag coefficiento T8t p v
1 Wing aspect ratio 'Y @
1 Oswald efficiencyQ 1@ Tat clean configuration
Yoo n z0 wTY

- — ; 4.6
W © wrfyY n “o0YQ (4.6)

This relationship is then plotted as seefkigure4.6.
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Thust-to-Weight vs Wing-Loading, Climbing
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Figure4.6 1 Requiredthrust forclimb

Depending on wing size, the engine size is constrained above the plotted values from the
abovefigure. As W/S increases, the T/décreases exponentially, then gradually incretstse
right. This implies that a smaller wing is recommended while only needing to increase the engine
slightly. When compared to the-A O dlisie ratecapabilityof 6,000ft/min, the YA-94 needgo
produce a T/W of roughly 87 at a W/S value o 1tar oFi® . This T/W valuds higherthan
the estimated T/W of 0.3Fhereforea ROC 0f4000 ft/minis chosen instead as it meets both
T/W estimateand ROC requirement byalUSAF

Later determined and explained in sec@®4, when adjusting the horizontal dynamic
pressure to the aircraftoés ma¥ad0fMmimitcapleed of
seema T/W ofonly 0.33 is required at théesignedV/S of 85 Ibs/ft2. Therefore, the YAQ4 is
capable of higher RO@hen travellingat higher speedsiepicted by the purple dotted line in
Figure4.6. However, the 4000 ft/min is kept as critical for sizing purposes.

4.6 Cruise Estimates

Cruise speed is another essential constraint to th@ YIA6 s p e rnfo apparamtc e
when determiningte ai rcraftdés range capability. The
WI/S and T/W. This relationship is presente@quation(4.7).

hooz6 OTY .
OTY 2 15 ¥0 (4.7

y
W
The following assumptions were made to determine the above equation:
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1 Dynamic pressure af p v& yg— at 30,000 ft abovSL and cruising at 350

knots.

1 Zerolift drag coefficientd
1 Wing aspect ratio 'Y @8t
1

Tgtp v

Oswald efficiencyQ 1@ tat clean configuration

At various W/S values, the equation is plottedFigure4.7.
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Thust-to-Weight vs Wing-Loading, Cruise
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Figure4.77 Required T/W and W/S farruise
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140

Figure4.7 constrains the maximum wing size and minimum engine size of th841é achieve
the required cruise spee€thus, it is desired to be above and to the right of the plotted line. The
required thrustiecreases exponentially and gradualreaseas the wing reduces in size.

4.7 Turning Estimates

Two turn typesare required in a military aircrafincludingthe instantaneous and the

sustairdturning maneuvers. The instantaneoustuenis ai r cr af t 6 s

ma X i

any given momensacrificing energy and altitude the processA sustained turn isow well
and tightly the aircraft can maintain the twate for an extended time without sacrificing altitude
and energyBoth maneuvering types need a very tight turn radius for an attack aifdrisft
allowsthe aircraft tgorovidecontinuoussupportfor ally ground troopsndremain nearby

between each attack.

Thea i

rcraftods

maxi mum | i ft or

overall

instantaneous turin other words, only the W/S of the aircraéied considerationEquation
(4.8) determines the required W/S where n is the load factor acting on the wing. Per the USAF
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requirements in a new attack aircraft, it is desired to have the capabpiiyl ®Gs at 20
degrees @r second quicklyThis turn rateletermingthe required tangential velocity solved in
(4.9), solvingthe required dynamic pressure during the tkigure4.8 shows the required W/S
to manage such a turn at different combat maxirdumvhile using the listed assumptions and
estimations.

—_ _ z — 4.8
~ (4.8)

) —_— (4.9)

Gravity acceleratiod o & —

Turnratg ¢ 10 Q®
Combat Weighto ™ ¥

Dynamic pressure af 0 L +— at SL, standard atmosphere condition

Load factort @ Oi
Combat Max lift coefficient PR

=A== 4 A4

As for sustaiedturning, it is based on only the T/W of the aircréfis desired that YA
94 canperform a sustained tuof a least2-Gs. It can also be estimated that the Oswald
efficiencyreducedy 30% or more of its initial clean valudsquation(4.10) determinsthe
necessary relationship for the desired susthtinrn capability.

&

— (4.10)
79 2 Q

v Z
- €
o S

The listed estimates were used in the above relationship:

1 Load factor ¢ Oi

1 Zerolift drag coefficiento T@Ipu

1 Wing aspect rati@ Y @8t

1 Oswald efficiency is 50%, 60%, and 70%®f @& tat clean configuration

This relationship is plotted iRigure4.8, constrainingeach turn maneuver's minimal
wing and engine sizéMaintaining a sustained turaquiresa largeenough engine to provide
great thrust over timeand he wingalso need#o be large enough to handle the high loading
experienced duringninstantaneous turn.
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Thust-to-Weight vs Wing-Loading, Turning
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Figure4.81 Required T/W and W/S fanstantaneous arsiistairedturning

The sustained turn is attainable and well under the required T/W values determined in the
previous sections he instantaneous turn consttasialsoachievableallowing the wing to be
smalle thanthe A-10if needed Thereforeall predicted turn rates and loadings are attainable in
this design.

4.8 Matching Graph

After establishing all required constraints in relations between ttowseight ratio and
wing-loading, the above results are compiled into a single pladalMatching Graph, as seen
in Figure4.9. The calculations and steps to generate this graph can be refetgokindix Di
MATLAB Code: Wing-Loading andl hrustto-Weight Ratio RelationsThis graphassistsn
determining the required or desireideof the wing and propulsion systems for the-9A.
Figure4.9 displays only the constraints at required values with the design point and region
indicated. Thus, the desired sizing of the airdnaffan estimated windpading ofy wx ¥
and a thrusto-weight ratio capality of around 0.3.
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4.9 Conclusion

As seenin Figure4.9, though all constraints must be calculated to determingrtper
sizing of the wing and propulsion systems for the aircraft, not all constraints are significant to the
design. For examplehe required windoading for landing is to the righsignifying a smaller
wing can be used while meeting the wingding required for sthlln addition, the plot for
cruise and sustagalturning is well in the lower T/W regions of the plot. Therefore, the required
thrust for both aspects is not of great concern.

As for the constraints with significant effects onthe-¥4 6 s desi gn, the t al
constraints, for example, plays a significaole.A T/W of roughly 0.3 is requiredo achieve
thetakeoff distance and stall spe@wr comparisorthe T/W on the A10 is 0.36. Therefore,
assuming the same , the YA-94 would requirean additionab.?% decreasén engine size
suggesting thahe same engine from the 20 can be usedAnother constraint that must be
taken into consideration is the instantaneous turn. To achie¥g la&d turn at 20 deg/sec, the
aircraftrequiresa maximum wing loading of 115 IbsiffThis suggests a similar wirsige of the
A-10 can be used for theA¥94.

In conclusion, the following constraintsueebeen determined as importdar the design
process and referenced for sizing purposes when configuring the aircraft:

Takeoff

Stall Speed

Climb
Instantaneous Turn

= =4 =4 -4

43



Chapter 517 Conceptual Aircraft Configuration

5.1 Introduction

Chapter 5 discusses selecting the configuration of the wing, empennage, landing gear,
propulsion, gun placement, external payload placement, fuel tanks, and cockpit layout. Most of
these featwgsaredetermined based on the constraints discussed in Cha@#ret features are
observed furtheand determined based on past aircraft configurations covered in the comparative

study section. A final concept design of the-9Ais presented at the end of this chapter.

5.2 Comparative Study

Table5.1 compiles all previous aircraft discussed in Chapter 1 ardlytooksinto their
configuration setup. Images of the tabulated aircraft can be referenced back in Chapter 1.

Table5.11 Similar CASaircraft configurationcomparison

Aircraft: AT -6 EMB 314 Scorpion F-35 Su-25 A-10
Wing Blended Low-
Location Low-Wing Low-Wing High-Wing Wing- High-Wing Wing
Body
Crew 2 2 2 1 1 1
Size
L@g;r:g Tricycle Tricycle Tricycle Tricycle Tricycle Tricycle
# o 1 1 2 1 2 2
Engines
Engine .
Type Turboprop | Turboprop Turbofan | Turbofan| Turbojet | Turbofan
Tail Conventional Conventional Twin-Tall T.\If\g |rl] Conventional H-Tail
Service 2001 2003 Under 2015 1981 1977
Introduction Development

5.3 Discussion

Each CAS aircratft listed imable5.1 hasat leastwo similar configuration traits. One

significant aspect is the choice to be designed as a conventional aircraft instead of an exotic
design. Cockpit, empennage, wings, and lagdjear are all placed in similar locations along the
fuselage, whichs foundon other aircraft outside the CAS role. However, each aircraft differs in
its detailed configuration. This section shall discuss the pros and cons of each configuration
layout
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5.3.1 Wing Placement

1 Low Wing[9]
Low wings are wings mounted at the bott
their main advantages is the increased storage for the landing gear. Since the wing
box is already strong on its owngcan absorlgear loads. Aother advantage is the
ground clearance for the underbelly of the fuselagechreduces the afuselage
upsweep needed to attain the required takeoff angle of attack. However, the landing
gearmust bdengthenedincreasing its overall weight with sualground clearance
Additionally, adihedral angle is required for low wings to avoid the wingtip striking
the ground during an undesirable landing.

1 High Wing[9]

A high wingmountsto the upper fuselagdlowing the fuselagéo beplaced
closer to theground while giving sufficient ground clearance for jet engines and
propellers without the need for excessive landjegr lengths. Furthermore, this
placement minimizes the wing tips' chanoéstrikingthe groundata nosehigh
rolled altitude. One delvantage is the wings obscuring the pilot's visibility during a
turn, usually in the directioof the aircraft's maneuver. Another is the increased
fuselage size and weight. Since the wings are mounted high, the fuselage structure
must bestrengthened teupport the landingear loads.

1 Blended WingBody (BWB)[39] [40]

BWB is a configuration wh no clear decisive line between the wings and the
fuselage. As in the name, the wing and body structures are smoothly blended,
allowing a reduced wetted araad skin drag allowing increased fuel efficiency. In
addition, the BWB aircraft is capable of stealth flight as it has much smoother
surfaces around the aircraft, reducing its overall radar signature. However, the
disadvantage of this design is that it hasgherempty weight for a given payload
and is thus not economical for short missions. This design is very complex to design
and maintain, especially when stealth is an important feature.

5.3.2 Tail Design
There are many variations in empenndgeignsas show in Figure5.1. However, for a

CAS aircraft, only a limited amount of tail designs may be considered applicable for its mission.
The conventional, twin, du&l/ and pelikan tail designs are considered asdugised below.
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Figure5.11 Various Empennage Configuratiofds]

1 Conventional
This is the most common tail form for many aircraft as they are easier to

manufacture and maintain. As a bonus, they ang hgdrtweight for their design.
Unfortunately, the vertical stabilizer must be designed very tall to sustain yaw
stability whichincreases the radar cressction of the aircraft. Likewis#)ere are no
redundancies since there is only a single vertiedtilster. This is crucial for fighter
aircraft during combat as yaw stabilizatisrchallenging to maintain if it were to be
damaged[42]

1 Twin-Talil
The twintail is the nextypicaltail design for various modeitay air superiority
aircraft. Thsisbecause hey hel p reduce t he-seaiont craftds
These tails are much shorter than the conventional design while maintaining the
same, or perhaps better, yaw stapitibntrol. This tail design also provides
redundancy in case one rudder becomes damaged. However, to operate two vertical
stabilizers would require additional hydraulic systems, increasing vyaiggtht
required maintenancgl2]

M Dual/HTail

The dualtail, commonly referred to as thetHil, is similar to the twirtail design,
featuring two separate vertical stabilizers. The main difference is that the vertical
stabilizers are located on the ends of the horizontal stabilizer ortah Hhis allows
for better aerodynamic performance due to the endplate effect. Typically, as air flows
over the horizontal surface, a bit of air tends to spill out to the side of the surface.
Endplates stabilize the flow over the horizontal surface, providing more yawing
stablity than the twintail design. In addition, this design allows smaller, lighter, and
more aerodynamically efficient horizontal stabiliz¢4d] [42]
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1 Pelikan Tall

The pelikan tail is an experimental tail design showRigure5.2 and was first
applied to Nor t-28rThiptail @esignnatowsnodlystime=€d=for two
control surfaces to achieve pitch, yaw, and roll. This gave greater pitch control at high
angles of attack, and two tail surfaces would have a much lower radar signature than
the standard four surfaces found on many fighter aircraft. Howesiag two larger
control surfaces suggested a considerable weight penalty. This design would require
bigger hydraulic pumps and cylinders to operate, dramatically increasing the
aircraftodos overall wW4j ght by hundreds of

Figure5.27 Pelikantail design[41]
5.3.3 CrewCockpit Size

In many cases, fighter aircraficludea single pilot or two, the other being a Radar
Intercept OfficeRIO). In most modern fighter aircraft, only a single pilot is required due to
advancements in technology, allowing the single pilot to multitask. With only one pilot on board,
there are dmaatic weight savings for additional internal equipment to be installed or higher
external payload capacity. However, in a CAS mission and discussed back in Chapter 1, a
wingman would be required since the pilot in the primary attack aircraftedllice tleir
situational awarenegs/er time. The wingman would only be required to assist in forwarding
communications with various controllers. This results in wasted energy, time, and money
maintaining a second aircraft in the air while further producingtlowe, inexperienced
wingmen. If not for the CAS mission, the second aircraft could be used in more meaningful tasks
while giving airmen in that aircraft the required flying experience they need.

In contrast, a fighter aircraft with a pilot and an RIO alldkes pilot to focus on the
mission's objective, in this case, providing CAS for allied troops. The RIO will assist in all
forward communications and designating targets, relieving the pilot of the extra burden of such
activities. This helpincrease the pitt's situational awareness while increasing accuracy and
effectiveness when engaging their target. Nevertheless, including an RIO orncoeadeshe
weight while reducing the internal capacity of the aircraft. This includes installing an additional
ejection seat, extending the internal length of the cockpit, and additional electronics the RIO may
need onboard.
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5.4 Configuration Discussion

After understanding the advantages and disadvant#ghs listed configuration designs
above, therA-94 configurationis proposed and discussedtive following subsections:

Low wing, straight

H-tall

Tandem cockpit

Tricycle landing gear

High-mounted, twin turbofan engines

= =4 =4 -8 A

5.4.1 Low Wing, Straight

A low wing configuration is chosen for this design aallibwsunderbelly clearances
required to mount external armament underneath its fuselage as 184 ig¢Aequired to carry as
much external payload as it can where available. This wing configuration alse falicw
smaller fuselage asdies notequireabsorbinghigh loads from the main landing gear while
maintaining an overall aerodynamic fuselage. In addition to the low wing configuration, the
wings themselvearea straight design. Since this aircraftas subsonic flight, swept wings are
unnecessary antbrbeneftial. An inverted gull wing design was also considered but scrapped
due to the risk of increased weight and complex geometry as it has both an anhedral and dihedral
outline.

5.4.2 H-Tall

The Htail design is the chosen tail configuration for the-94 Thisallowsthe aircraft
to have excellent yaw stability, especially when diving and engaging enemy targets on the
ground, as accuracy is crucial. In addition, since the engmeesountedabove thduselage,
discussed later,the-Hai | provi des a | ower heat signature
any slight angle, the hot exhaust from the engine is blocked from view due to the twin vertical
stabilizers and thextendedorizontal stabilizerThis makes it difficult for heaseeking
armament to maintain a perfect lock on the aircraft. Since this aifl@afat low altitudes and
low speeds during combat, this is a required safety feature for the pilots on board. In addition to
safety, sincehere are two vertical stabilizers, this provides redundancy if one becomes damaged
during combat, allowing the pilot to fly away with some control remaining.

5.4.3 Tandem Cockpit

A crew of twois consideredor the design. As mentioned before, regardleswof h
modern avionics allows easier mttiisking, reducing the workload of the primary pilot is still
helpful and allows them to focus on providing CAS. The primary pilot onlygtedty the
aircraft and engage the target with an RIO on board. The Ri@karcare of the rest, such as
locating targets and communicating with controllers for effective engagement. This crew setup
also provides another redundancy set if the primary pilot becomes impaired or unconscious
during combat. The RIO can take overfilgithe aircraft and possibly save the pilots and the
aircraft.
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5.4.4 Tricycle Landing Gear

The choice of a tricycle landing gear configuration is due to it being typical for modern
military aircraft. This configuration allows a much clearer viesyn the cockpit thathe
conventional or tail gear configuration. This landing gear grants thafisdail to be lifted
above the ground allowing enough clearance for the aircraft to perform aggressive high angles of
attack during takeoff. The aircraft's center of gravity (CG) is also moved forward of the main
landing gear in this configuratiomhis nearly eliminates ground loopinghere a fixeewing
aircraft is rapidly rotated in the yawing plane wtsfgeedingon the ground. If this occurs, one
wing could rise with the other striking the ground, and in severe cases, the wing could dig into
the graund, causing the aircraft to swing violently or even cartwf#eg! Since the YA94
requiressorting quickly, this configuration provides another safety net when the aircraft is
rapidly taking off from the runwa

5.4.5 High-Mounted, Twin TurbofarfEngines

The design decision for the engines' placement was to be mounted above the fuselage and
towards the rear. Due to operating environments, engines mounted high are less susceptible to
becoming damaged from ingesting foreign object déb@D) alongthe runway This allows
the aircraft to operate at various locations where the runway is not considered [45¢aA%
mentioned previously, the heated exhaust from the entyanessover the Htail reducing its
heat signature with the engines mahhigh and above the tail.

As for the engines themselves, ttagof turbofan design. They are much more fuel
efficient for jet aircraftwhile providingsufficient thrust to arrive at their area of operation much
quicker. Two of these enginasustprovide redundancyf bone becomes damaged during combat.
Also, two enginesieedto provide enough thrust to compensate for the recoil force of the gatling
gun mounted on the aircraft.

5.5 Proposed Configuration Condep

Considering the above configuration seleatidigure5.3 provides a conceptual sketch of
the YA-94.Figure5.4, Figureb.5, andFigure5.6 show the internal layout of major components
such as landing gear storage, gun placement, etc.

Another configuration decision twteis that the gurs placed ahead of the cockpit
assistingn balancing the agraft along the forward and aft direction. Fuel taateplaced close
to the aircraft's center to mitigate potential damage from enemy fire. Eleven external hardpoints
will be availableonthe aircraft to maximize external storage capacity.
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Figure5.31 Conceptuatketch of the YA94

Figure5.51 Landinggearplacement on YA94
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Figure5.6 1 Hardpointlocations on YA94

5.6 Final Concept

After further analysis and fi n&bued®dj ust men
presents the final design of the Y94, modeled in Creo Paranic. The design analysand
adjustments are described in fb#owing chapters.

Figure5.77 YA-94 final CAD concept
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Chapter 61 Propulsion System Design

6.1 Introduction

Chapter 6 discusses tbkoices oengines, thedown-selectionprocessandthe chosen
e n g i spexificationssuch as maximum thrust capability and specific fuel consumption (SFC)
Installed thrust analysis was performed and discussed to confirm tlenahagine for the
aircraft.In addition, the integration of the chosen engine is discussgdding its position and
startup feature.

6.2 Turbofan Engineand Downselection

Two turbofan engine models were considered after browsing through vangine
manufacturing catalog®©ne of them was the T84-GE-100A turbofan by General Electriand
this is the original engine currently used on th&0\ An image of this engine can be seen below
in Figure6.1. The next engine of choice was the CFR25B1 turbofan, also by General Electric
asseen inFigure6.2. Table6.1 presents and comparesthengine épecifications.

‘-j;'.
Figure6.21 General Electric CF38C5B1turbofanengine
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Table6.17 Enginespecificationcomparson

TF34GE-100A | CF348C5B1

Max thrust (Ibf | kN, uninstalled 9,065 | 40.3 | 13790| 61.3
Bypass ratio 6.5 5

Max diameter (in | cm) 52 132.1| 49 124.5
Fan diameter (in | cm) 46 116.8| 46.2 | 117.3
Length (in | cm) 100 254 128 | 325.1
Dry weight (Ibs | kg) 1,440 | 653.2 | 2,400 | 1088.6
SFC (Ibm/lbf/hr] kg/N/hp) 0.371| .0378 | 0.670 | .0683

When performing the weight sizing back@mapter 3 Weight Sizing it was predicted
thatabout 8000 Ibs of fuel @rerequired onboard (excluding external drop tanks) with an initial
guess of t hTeerelofe,3e HF34 eBdin€ was chosen talbeused on the YA94.,
Though the CF34 provides much higher thrust capability, the SFC is double what is present in
the TF34. Therefore, additional fuel will be required resulting in a much heavier aircraft. The
following section will discuss the installed tlstuanalysis of the TF34 to confirm it was the
correct engine of choice.

6.3 Installed Thrust Analysis

Bot h Raymer 6s andeteimedklaendBF 3nked sh oidrsst al | ed t
Determining this thrust will confirrwhetherthis engine is suited for this aiecif mi§sgon
specifications

6.3.1 Raymerds Installed Thrust

It is estimated that the reference pressure recovery of a subsonic engine is 1.0. With the
selected engine beirgpoddednacelle the actual recovery pressure due sowéry short duct is
estimated to be 0.98nowing these recovery pressureguation(6.1) can be used to estimate
the thrust loss due to installatiomered s the inlet ram recovery correction facttypically
between 1.2 to 1.5his results in a 2.70% thrust loss due to nacelle installation.

P"Y 6i0é& i io

C'll CA
C ll CA

prmml (6.2)

Another component of thrust lossconsider is the loss due to bleed Bising the given
manufacturing dat a eghationt2:carebe gsedtceesdtimmnatanit@eshsustf | o w,
loss due to bleed air, whebe s the bleed correction factor (approximated as 2.0) and
a is the bleed mass flow rate, typically ramgibetween 6% of the engine mass flow rate.

When using the equati@ssuming a 5% bleed mass flow rdkes thrust loss due to bleed air
results in 10.0%.
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Thereforea singleTF-34 turbofan engine loses 12.7% of its maximum thrust when
installed, thus only producing a maximum thrust 8f13.74 Ibf (352 kN). With the YA-94
being a twirengine aircraft, the YA4 can produc& maximuminstalled thrusbf 15,800 Ibf
(70.3 kN.

632 Roskamdés I nstalled Thrust

Roskamds pr edirmedwhether the 834 5 a suitalyl selected engind.o
begin, the power dsaction from the engine must be determined. This includes power from the
electrical, mechanical, and pneumatic power systems. Both electrical and mechanical power
extraction can be estimated at 100 shp for each. As for the pneumatic power extractioheit ¢
estimated usingquation(6.3) wherea 7a is the pneumatic total engine mass flow ratio
estimated to be .04 from historical déba attack jet fightersThe pneumatic power extraction
required for the YA94 is 434.9 shp.

N é YOy
0 ; (6.3)
a VU Tt

With power extraction determineeguation(6.4) can be used to determine available
installedthrust at each given speed where the following variabieslefined below.

YOY p OO p - v (6.4

! "Y_  Available uninstalled thrust

T 0 Flight mach number

1 - inlet efficiency

T 0 Total power extraction

1 0 Effect of mach number factor

The above equatios plotted inFigure6.3. This illustrateghatas the aircraft speeds up,
the availablenstall thrust increases. Therefore tlae maximum speed of 400 knatsth both
engines runningtheinstalled thrustg 17,257bf (76.76 kN).This is much more than what was
predicted usi nanddilbmeatsethe thaust requirementwhen performing a
sustained turn as calculated in the previoussadbion.For maximum performance, the Roskam
value will be used for instatithrust predictions.
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Figure6.31 Available installed thrust per aircraft speed
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6.4 Propulsion System Integration

Both TF-34 turbofanengineswill be mounted high above the fuselage and located
aftward. As described in secti®m.5 mounting the engines high will allow cleaner airflow into
the inlets reducing the chances of ingesting FOD. Therefore, tR@MNcAn operaten rougher
airfields and runways necessary.

With the engines located aftward, this alldescounterbalancing the heavy gun and
large cockpit at the nose of the aircraft. Also, with th@iHlocated behind the two engines, the
heat exhaust can be easily concealed, makingdegdhg devices difficult to maintain loekn.

Finally, an auxiliary power unit will be integrated alongside the engines. This will allow

onboard startups and not require an external power generator to start the engines before the
flight. An internal illustation of the engine integration can be seen batoigure6.4.

55



TF-34 TURBOFAN ENGINES 7“

<

INTERNAL STRUCTURE

APU

Fure6.4 i Internal propulsion integration illustration
6.5 Conclusion

This chaptepresented two engimaodelchoices which wrelater downselected in favor
of the TF34 turbofan engine by General Electtice same engine used oe #10. Both
Raymer and Roskam methods were used to analyze and justify the choice of the engine by
confirming the required and available ingdlthrust during a sustained turning maneuver. It was
also decided to integrate the engines at the aft e @itcraftto balance the aircraft
longitudinallywhile providing an internal APU to allowself-startup withoutisingan external
power generator resource.
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Chapter 71 Fuselage Design

7.1 Introduction

This chapter discussesthe YA4 6 s f u s e | ng prelimidaey €stirgates af s i
mission weights and performance constraints calculated in previous chapters. The following
factors were considered for the design:

Maximum Takeoff Weight
Fuel Weight and Storage
Nose Landing Gear Location
Wing Placement

Engine Placement

Gun Placement

Tandem Seat Configuration

= =4 =4 -8 -8 _9_-9

The chapter will detail the cockpit layout, seating arrangement, and the overall fuselage
configuration, including fuel tank storage, gun, and avionic equipment locations.

7.2 CockpitDesign
7.2.1 Seating Layout

Figure7.1 portrays a typical tandem cockpit configuration used in military jets. This
layout could be seen on thelB Tomcat, FA-18 Super Hornet, and4Phantom, to name a

few. However, this configuration is now mainly reserved for jet trainers rather than fighter
aircraft.

Figure7.11 Tandemcockpit configuration[46]

As mentioned in previous chapters, this configurasibowedthe primary pilot to
operate the aircraft and provide effective CAS. Theitmt assists in managing other controls
that the primary pilot would usually use, shifting focus away from the tdsknal.In addition to
the tandem configuration, both locations will include their ejection seat. The typical dingnsion
of these seats can be seefrigure7.2.
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Measurements are approx only
+ 1/4"

~ Back of seat from top to seat cusion
- ¢ seat cusion is 1" foam

e
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=1

Figure7.21 Typical gectionseatdimension[47]
7.2.2 Pilot FHeld of Vision and Accessibility

After determining the pilotds sewsibitywmwg | oca
and accessibility and adjust as necessary. Visibility for the crew is crucial during takeoff and
landing and especially during compas there will be times the pilots would require to identify
friendly and hostile locations physicallyigure7.3i | | ustrates the pilotds |
(FOV), defined as looking without moving the head.

Maximum

Optimum

NOM

Vertical Field of View

Optimum Maximum

CiL

Horizontal Field of View

Figure7.31 Primary FOVI vertical andhorizontal[48]
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Realistically, the pilot will move their head to face or locate their target, not just their
eyes. Thereforeptmaximizetheir FOV, a bubble canopy design will be used to enclose the
cockpit, similar to the canopy found on thd & (Figure7.4).

L Flgure7 4r|l F;16 bubblecanopy[49]

The pilots will be required to see outside their canopyteid instruments within the
cockpit. All consoles provideaglaseshi el d t o prevent the sun from
instruments onbad, ensuring displays are easy to read. Of course, thisgjiele must not
protrude too much, blocking the displays themselv&gire7.5 shows thigequired lineof-sight
(LOS) between the console dashboard and displays.

Eye Reference Point

Aircraft Reference Axis

Cut-off Angle

Glareshield _

PFD/ND i
\ (fig.1)

Eye reference point principle

Figure7.51 Flight consoleaccessibility[50]

It is also important to note that pilots between 5ft 2in (1.6 m) to 6ft 3in (1.9 m) shall
accesa | | of the aircraftés controls in the cockij}
25.777, ensuring that the design fitestpilots. [50]

The fnal seating layout can s=enn Figure7.6, including subsystems located around
the cockpit area: main gun, ammo drum, nose gear,, raddtitaniunfi b a t.dFigurdy.7 and
Figure7.8 preseneachp i | ot @ren sedte8 in the aircraft. Overall, with a bubble canopy,
the pilot has almoste@omplete360° FOV.
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Figure7.61 Internal cockpit configuration

Figure7.81 CockpitFOV andLOS angles(top view)
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7.3 Fuselagédesign

The fuselage design uses a similar approach presented by Roskam. Important geometric
parameters of the fuselage are presenté&dguare7.9. This allows size estimation of the overall
fuselage, including its length, diameter, tail clearance, and internal storage capacity.

. &
s,

Lg —>

Figure7.91 Fuselage@eometricparameter$38]

Eachparametedeterminests required dimensions to the surrounding sizing parameters.
Each variable parameter represents the following:

1 & overall length of the fuselage
1 'Q overall diameter of the fuselage
1 o length of fuselage clearance
1 — angle of fuselage clearance

The relationship between these parameters can be seguia7.1. For this projectthe
Fighter category is referenced for estimated fuselage measurements.
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Table7.17 Definition of geometricfuselaggarameter$38]

Airplane Type /iy |y | Pgu(deg)
Homebuilt 47 8 3 219
Single Engine 51 8 37 4 3719
Twins 3618 |26i4] 6713
Agricultural 51 8 3i 4 117
Business Jets 7195 [257i5] 6111
Regionals 56110 | 2714 | 15719
Jet Transports 6.81 11.5|2.61 4| 117 16
Mil. Trainers 54175 3 Upto 14
Fighters 7111 315 071 8
Mil. Transports, Bomberg 67 13 | 251 6| 771 25
and Patrol Airplanes

Flying Boats 61 11 31 6 81 14
Supersonics 12725 | 618 219

7.3.1 Fuselage Geometry

The initial estimation of the fuselage is begun withoiterall length. This is calculated
with equation(7.1), wherea andC are statistical multiplicities to determine the fuselage length
basedontheairarf t 6 s t akeoff weight.

0 ww (7.1)

Thea andC values can be determinedTiable7.2. For this project, the Jet Fighter
category will be used.

Table7.27 Fuselagéength vsw (Ib or {kg}) [9]

a C
0.86 {0.383}| 0.48
0.71 {0.316}| 0.48

Sailplane’ unpowered
Sailplane’ powered

Homebuilti metal/wood 3.68 {1.35} | 0.23
Homebuilti composite 3.50 {1.28} | 0.23
General aviatiofi single enging 4.37 {1.6} | 0.23
General aviatiof twin engine | 0.86 {0.366}| 0.42
Agricultural aircraft 4.04 {1.48} | 0.23
Twin turboprop 0.37 {0.169}| 0.51

Flying boat 1.05 {0.439}| 0.40
Jet trainer 0.79 {0.333}| 0.41
Jet fighter 0.93 {0.389}| 0.39

Military cargo/bomber
Jet transport

0.23 {0.104}| 0.50
0.67 {0.287}| 0.43
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Using a takeoff weight of G000 Ibs 22,680kg), the overall length of the fuselage comes
out to be 8 ft (19.2 m). The A-10 has an overall length of 53 ft (16.2 tdpwever, after
arranging theénternalcomponents of the aircraft, it was determitiggtthe fuselage only needed
to be 50 ft in lenth. See sectioi.3.2for internal arrangement details.

Using the above ratios providedTable7.2, the other geometric parameters can be
calculategdassumingdj Q @& V& jQ ¢H wand— @& J

1 Fuselage diamete T & P Qocd® ax

1 Taillength clearanc&r —zQ ¢ @Y p W CQOUR ax

A CAD model of this determined fuselage can be seéiiguare 7.10.

50 FT

i
J 6.2°
- 175FT 19.6 FT

Figure 7.107 YA-94fuselagegeometry
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7.3.2 Fuselage Internal Arrangements

Figure7.11 presents the internal arrangement of the ¥Awith its internal subsystems
numbered and referencedTiable7.3.

Ry

Figure7.117 YA-94internalarrangement

Table7.37 Internalcomponents

Find No. Component Name
Nose Gear

GAU-8 Gatling Cannon and Ammo Drumn
Internal Fuel Tanks
Wing Box

APU

Horizontal Tail box

AC unit

Avionics and Equipment
RIO Ejection Seat

Pilot Ejection Seat

Nose Radar

Canopy Glass

el
RGN

As shown, most of the components are located forward of the aircraft. This is to balance
the aircraft longitudinally since both engines are mounted aftward. The ammo drum and fuel
tanks must be located near the aircraft CG. They are components thatyifl weeight during
the entire flight process, thus mitigating an

The fuel tanks are mounted vertically above the fuselage centerline to allow the wing box
to sit below. This placement will be further discussed in Cha&pter
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7.3.3 Weapon Placement

A standard a#to-air gun such as the M61A1 can produce a recoil force @ (18 kN).
The GAU8 (Figure7.12) can produce roughly five times that recoil force when fired. Therefore,
to prevent sudden yawing motion from firitge gun is locatedearth e ai r cr afl99.6 s <cen
Like the A10,the YA9 4 6s nose gear is offset to the guno
gunds barrels.

Figure7.127 General Electric GALB/A avengergatlinggun [51]

Due to its | ength, the pilots are seated a
The ammo drum is placed behind both pilots, further into the fuselage. This will reduce exposure
from incoming enemy fire, which could pdetonate the ammo if not well protected.

As discussed in Chapter 5, the ¥4 will have 11 hardpoints along its wingspan to
allow themounting of various munitions and external devices. Eight of these are located along
the wings themselveand hisleaves 3 of them located on the fuselage. Therefore, it is
suggested that the three hardpoints be located directly below the wing box along the fuselage
belly. This will provide structural integrity when mounting heavy external ordinances.

7.4 Conclusion

This chapter presented the detailed design approach for the cockpit and fuselage.
Ros kamods emreasedtoastsnatevthe overall fuselage dimensions basgewaded
dimension ratios for fighter aircraft. Internal arrangements of significant comgonerg also
discussedo predictt he ai rcraftdés CG |l ocation. Visuali za
was done using Creo Parametric.

65



Chapter 81 Wing Design

8.1 Introduction

Chapter 8 discussesthe YA4 6 s wi ng desi gn t ahHefollogingi nt o co
factors from previous chapters:

Maximum takeoff weight

Fuel storage

Maximum lift coefficient per flight condition
Stall speed

Landing gear storage

= =4 =4 -8 -2

The chapter will detail theving planform design, airfoil selection process, Hiffimg
device design, internal fuel storage, and main landing gear storage

8.2 Wing Planform
8.2.1 Wing Planform Design Criteria

The YA-94 is designed for lov8peed to subsonic flight regimes. Therefore, a straight
wing planform design was chosen. A straight wing alfmwvs easier mounting of external
payloads. Since the location of the quarter chord is constant along the entire wingspan, the
payload can be mounted roughly parallel to this chord line as well. Therefore, during payload
drop, the ovGeml d!l londiyr csrhaffttds|IC ghtly, maintain
throughout the flight.

A straight wing will allow more accessible aerodynamic analgdiiswing easier design
processes for its control surfaces. Finally, a straight wing allows all the Entoyer the entire
wing parallel to the direction of flight. This will assist in easier landings at lower speeds and air
densities while increasing lifit a shorter amount of time during takeoff reducing the required
length for a runway.

8.2.2 Wing PlanformDesign
The wingspan and aspect ratio was estimated for th®@4 Asingthe specifications of
the A-10 for reference. These values are then used to calculate otherprelkmstedn Table

8.1. Figure8.1 andFigure8.2 shows the toand frontview of the wingnoting relewant
dimensions
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Table8.11 Wing designspecification

Parameter Value (Imperial | Metric

Reference Wing Area (S 2t nf) 600 | 55.74
Aspect Ratio (AR) 6

Wing Span (b, ft | m) 60 18.29
MeanAerodynamic Chorddfft | m) 10.03 3.06
Aerodynamic Center Lateral Locatiowy ft | m) 14.55 4.43
Taper Ratiq9) 0.82
Leading Edge Sweep Ang(s L.E.,deg) 3.8r
Quarter Chord Sweep Ang(8 4, deg) 0°
Polyhedral Deflectiorfideg | deg) 0°|7
GeometricTwist (deg) 2°
Incidence Angle (deg) 0°

60.00 FT

UARTER CHORD SPAN
MEAN AERODYNAMIC CHORD

-/

10.03 FT \ \l
90°
—— 14.55FT 41//

Figure8.11 Wing planformdesign

~
o

- 00FT -

Figure8.21 Front wing design
8.3 Airfoil Selectionand Analysis

The desired airfoimustprovide enough lift to carry heavy payloads during takeoff and
combat A thicker airfoil may be used since the aircraft will only fly at mdstch 0.6, subsonic
speed. It was dscovered that the AOfeatures an aerodynamic twist desigang two different
airfoils at its root and tigdowever,these two airfoil®nly differ in thickness ratiosThis wasto
bring structural efficiency while maintainirmnsistenaerodynamicslong thewing's span
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Heavier external payloads such as drop tavikde located closer to the root side of the wing to
prevent dramatic shifts in the CG if asymmetric droppinguo Lighter payloads will be
mounted at the outermost part of the wing; tiasing least effects aime CGlocationduring

drop sequence

Table8.2 presents the two selected airfoils with their respective specificatidrese
NACA 4418 will be used at the rq@nd NACA 4415 will be used at the tipollowing the table
are diagrams of the two selected airfoils.

Table8.21 Wing airfoil details

Parameter | Value
NACA 4418

Airfoil Camber 1%

Airfoil Thickness (t/c) 18%
NACA 4415

Airfoil Camber 4%

Airfoil Thickness (t/c) 15%

Figure8.31 NACA 4415 diagram

Figure8.41 NACA 4418diagram

In Chapter 4, it was desired to have a wing clearimumlift coefficient of 1.6.
Equation (8.1petermined he ai rf oi |l sé6 Reynol dds numbers at
airfoils provided the required lift

Y @ T (8.1)
where:
7 OMAQsi Qo w
1 @ OQRNQQ
7 @ 0@ 1 @QENAD ¢ & 00 BNQ Q¢ "Q
7 ¢ Q0& OO déi Qo

Figure8.5 will then be usedo determine the maximum 2D lift coefficiemthich in turn
will be used irequation(8.2) to determine the analytical maximum wing lift coefficient, where
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Q is the taper ratio factolQ in this case is estimated to be 0.88. The final vabfitise
determinedhirfoils are liged inTable8.3.

CAMBERED AIBFOILS

} [ 1 N .

6 10 Iy 8
L e —= %/

Figure8.5'|'E—ffect of thickness rb6at {38 and Reynol

22

~ ~

Q w () 8.2)

C

Table8.3: Wing airfoil specificaion

Parameter Value
Maximum Mach Number 0.6
Minimum Reynolds NumbgiRe) | 1.20E+07
Maximum Reynolds NumbdRe) | 1.46+07

Cimaxat root 1.75
Cimax at tip 1.70
Clean Cmax RequiredPredicted 16

Analytical CleanCimax 1.56

As seen ifTable8.3, the analytical maximum lift coefficient of the wing is 1.56
However, itis determinecdacceptablend close enough wheomparedo the predited
maximum lift coefficient of 1.6.

8.3.1 Additional Geometry Features

In addition to the aerodynamic twist, the wing will also feature a geometric twist and a
polyhedral span design. A geometric twist2ffat the wingtip is appliggroviding a washout
effect which would reduce the chance of stall at the tips of the wing when flying at lower speeds
and higher angles of attack. The polyhedral feature was chmegaximize roll stability at the
tips while maintaininghigh lift closer to the root of the wing.
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8.4 High-Lift Devices
8.4.1 High-Lift Devices Design Criteria

High-lift devices will be necessary during takeoff and landmgreate additional lift
when traveling at lower speeds. The required increméfitaioduced at each flight conditiaa
calculatedusing equation€8.3) and(8.4), knowing the maximum lift coefficient at takeoff and
landing are 1.8 and 2.0, respectively.

30 P8t Lo 0 (8.3)
30 P8t Lo 0 (8.4)

Using the analytical maximum lift coefficient determined in the previous sedtne8.4 lists
theincremental liftthatthe highlift devices must ppduce Adding the incremental values to the
maximum lift coefficientof 1.56, therequired lift coefficients by the deployed flapse
determined as listed.

Table8.41 High lift devicesdesigncriteria

Parameter Value
o € Takeoff 0.25
g ¢ Landing 0.46
Design Takeoff Gnax 1.81
Design Landing Gnax 2.02

8.4.2 High-Lift Devices Design

Knowing the incremental liftalues are high, fowler-flap design was chosen e
hightlift device for the YA94, similar to what is used on the 0. The geometry of the flaps
can be seen iRigure8.6 with the decision to have two pairs of fowler flaps, one pair on each
side. This is to avoid collision of wiAgiounted payload®8oth Roskam and Raymer methods
were used separately to analyze this design

2% C J Hszs FT 250 FT
5.00 FT~— 10.83 FT — |

Figure8.61 Flap planform geometry
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8.4.2.1Flap Desigi Ros kamdés Met hod

To ensure the sizing of the flaps prodsittee required incremental lift, equati¢®5) is
used to estimate the incremental lift coefficient based on a defined flap area as ddfigacein
8.7.

ny

where:
T °Y flap wing area (defined iRigure8.7)

T 0 flap sveepcorrectionfactor

'79 . n
Fuap T T FLap

Figure8.71 Flap area definitiof38]

Knowing the sweep correction factor of .92 and total flap area of 233,3&lfe8.5 lists the
maximumproduced lift incrementseededy the defined flaps illustrated aboverigure8.6

Table8.51 Requiredflap lift coefficientincremens

Takeoff | Landing
P Cmax 0.59 1.09

Next, the incremental |ift coefrdtoccfoent
(0.25in this casgand deflection must be determined. This is done by using equ&8) for
fowler flaps

3w w2 7 (8.6)
where:
T @« unfl apped section |ift curve sloped,
T 1 lift effectiveness parameter (definedRigure8.8)
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Figure8.81 Section lift effectiveness parameter

Assuming a flalefectionof 15° for takeoff and40° for landing,Table8.6 lists the produced
incremental lift coefficients by the designed fowler flaps.

Table8.61 High lift devicesdesign

Takeoff | Landing
Deflection angle (deg] 15° 40°
30 0.84 1.97

Using Roskamthe designed fowler flapeeet and over excedlde neededncremental lift
during takeoff and landingonditions These values seem unrealistic and require further analysis
with Raymer6s met hod.

8.4.2.2Flap Desigin Ray mer 6s Met hod

To verify the selected airfoils, equati@#7) is used to determine the clean max lift
coefficientwherey g mlsi nce there i s no sweep aheong t he
0 in this case is tbe . Bisesultsqne® oofl.Bbpciose ai rf oi l

enough taherequired clean coefficient of 1.6.

# RO O£ g (8.7)

Equation(8.8) is used to determine the irerental lift provided by the flapg.able8.7 is
referenced to estimate the 2D incremental lift coefficient of the flaps. Again, fowler flaps are
selected in this cas@able8.8 lists the flap siings and the obtained incremental lifsgure8.9
illustrates the generic chord increase due to fowler flaps.
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Table8.71 Approximate lift coefficients of higtift devices[9]

High-lift Device | &

Flaps
Plain and split 0.9
Slotted 1.3
Fowler PRI

Double slotted | p&w7w
Triple slotted | p&xwFw

W& gg (8.8)

Slotted Fowler flap x

Figure8.91 Fowler flap chord length design

Table8.81 Fowler flap design settings

Imperial | Metric
C 108ft | 3.30m
Takeoff
@ 10.7 ft | 3.26 m
Deflection 15.C¢
30 0.35
Landing
Q 12.9ft [ 3.93m
Deflection 40.0°
30 0.54
Asar esul t | Raymer s met hod meeinganuthe | i ft r
lower lift incrementhanRos kamés. Therefore, Raymer s value

they seem more in line with the predicted lift increments in se8tibi
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8.5 Wing LateralControlSurface Design

Below inFigure8.10is the wing aileron design for the ¥®4. Figure 8.10 displays the
ailerons (green) with respect to the primary wing spars and flaps (yellow) to ensureAsting
shown, there is sufficiembom for the designed control surfaces.

Figure8.107 Internal wing and control surface diagram

8.6 Internal and External Storage Design

The YA-94 will carry roughly80% of its fuel within the fuselage as it provides the most
protection from incoming enemy fire. The remaing®%6 will be locatectlose to the root side
of the wing Figure8.11 illustrates theénternalwing tank(blue) with29.1 f£ (0.82 n¥) volume
This allows the wing to carry,410lbs 640kg) of fuel.

Figure8.117 Internalwing fueltanklocation

In addition to internal storage, the wing is also designed to provide 11 hardpoints for
external payload storageigure8.12 provides a view of the hardpoint locations with pylons
attached.

Figure8.127 Wing hardpoint locations
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8.7 Conclusion

lllustrated inFigure8.13is the final wing design with all flagnd control surfaceshown

and dimensionedlso, details of each airfoil crosection typelemonstrate how the wing
tapers and transitions from one airfoil to the other.
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Figure8.1371 Finalwing designdiagram

Overall, the current wing design meets all required specifications for cruiseff takeb
landing.All flaps and aileron sizing fit within the specified wing geomettyile allowing
sufficient room for major internal structures and fuel tai#sven external hardpoints have also

been successfully added to the underside of the winiipte fiexible combinations of ordinance
types per mission condition.

A3 S
T L
(O

Figure8.141 Wing integration design
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Chapter 917 Empennage Design

9.1 Introduction

As previously discussed in Chapter 5, it was determtingdhe YA-94 would use an H
tail designdue to both its stability and passive countermeasure featlneschapter will present
the design and analysis of the Y924 6 s e mmaudimga g e

Empennge location

Airfoil selection

Horizontal tail sizingand design
Vertical tail sizingand design
Control surfacelesign

= =4 =4 -8 8

9.2 Overall Empennage Design

The Htail design featuresxcellen yaw stability, especially during a highpeed and
steepdive maneuverln addition, it provides a passive ability reduceheaircraft's heat
signature preventing heaseeking weaponsom establishing loclon. Figure9.1 presentghe
generalocation of the empennage, measlirece t ween t he wingds quarter
horizontal tailquarter chord line

Figure9.17 Top view, empennage location reference

It is determined that no incidence or dihedral angle will be applied to the empenhizgsill

keep manufacturing and design costs low due to its simpliciyering and sweep anglare

alsonot employed in tis desigrnto keep the horizontal plane as large as possible due to the short
lever arm for pitching
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9.3 Empennagdirfoil Selection

A symmetric airfoil was chosen ftine empennage desigming the NACA 0012 airfoll,
as seen ifrigure9.2. The airfoil has zero camber with a maximum thickrtesshord ratio of
12%. This airfoil was chosen as it is one of the most corymmedairfoil profilesfor various
aircraft empennages.

Figure9.21 NACA 0012airfoll

9.4 Horizontal Stabilizer Design

Following Raymergequation(9.1) was used to estimate tpianform areaf the
horizontal stabilizerTable9.1 provides typical tail volume coefficients to estimabed use in
equation(9.1). In this case, the jet fighter category was used.

Table9.171 Typical tail volume coefficientf]

Typical Values
Horizontal 4t 4 | Vertical 3&
Sailplane 0.50 0.02
Homebuilt 0.50 0.04
General aviationi single engine| 0.70 0.04
General aviationi twin engine | 0.80 0.07
Agricultural 0.50 0.04
Twin turboprop 0.90 0.08
Flying boat 0.70 0.06
Jet trainer 0.70 0.06
Jet Fighter 0.40 0.070.12
Military cargo, bomber 1.00 0.08
Jet transport 1.00 0.09
© 8N mypm@er® g (9.0
U ¢ M0
where:

60 wing mean chord

1 °Y wing planform area

T 0 distance between the aerodynamic center of the wing and horizontal stabilizer

After solving the equation, it was determirtedtthe planform area would need to be
pTIEY'Dd p HA& . Using basic rectangular geometry asduaming a constant chord gh of
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5 ft along the sparthe horizontal stabilizer requires a span of 21.8 ft (6.6-igure9.3 shows
thefinal planform design of thkeorizontal stabilizer

Figure9.31 Horizontalstabilizerplanformdesign

Table9.27 Horizontal taildesignspecification

Parameter Value (Imperial | Metric)
ReferenceHT Area (f€ | nf) 1089 | 10.12
Volume Coefficient (Gr) 0.38
Aspect Ratio (AR) 4.36
HT Span (ft | m) 21.8 6.64
RootLength(ft | m) 5 1.52
Tip Length(ft | m) 5 1.52
Mean Aerodynamic Chord (ft | i 5 1.52
TaperRatio(®, )d e g 1.00
Leading Edge Sweep Ang{deq) 0°
Quarter Chord Sweep Angldeq) 0°
Incidence Angle (deg) 0°
Dihedral Angle (deg) 0°

9.5 \Vertical StabilizeiDesign

Similarto how the horizontal stabilizer was desgnequation9.2) is used instead to
determine the required planform area of the vertical stabilizeewdifiérencingable9.1.

O oY T8y e iNoe nd
0

Y ¢ ®/ 0

P BD (9.2

where:
f ® wingspan
1 °Y wing planform area
T 0O distance between the aerodynamic center of the wing and vertical stabilizer

Assuming a tail volume coefficient of 0.07, a total planform area Q8@ p @ & is
required for the vertical stabilizer. Therefore, each vertical stabilizer will have an area of

e ®'® vda . Again, using basitrapezoidabeometry and assuming a tip chord length of
3.5 ft (1.1 ft) and a root chord length6.5 ft (2.0 m), the height of a single vertical stabilizer
comes out to 12.1 ft (3.7 nfigure9.4 shows the planform design of the vertical stabilizer
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Figure9.41 Vertical stabilizerplanformdesign

Table9.37 Vertical tail (single)designspecification

Parameter Value (Imperial | Metric
Reference/T Area (f€ | nf) 60.3 | 560
Volume Coefficient (@) 0.54
Aspect Ratio (AR) 4.36
VT Height(ft | m) 12.1 3.69
RootLength(ft | m) 6.5 1.98
Tip Length(ft | m) 3.5 1.07
Mean Aerodynamic Chord (ft | i 5.15 1.57
Taper Ratiq®) 0.54
Leading Edge Sweep Ang{deq) 13.9
Quarter Chord Sweep Angldeq) 10.5°
Incidence Angle (deg) 0°
Dihedral Angle (deg) 90°

9.6 Longitudinal and Directional Control Design

Figure9.5illustrates the empennage control surfaces (colored in blue) with respleet to
internal structureBoth horizontal and vertical control surfaces make up 33% of the chord length
of each of lheir respective stabilizers.
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Figure9.517 Empennage internal structure and control surface design
9.7 Conclusion

The Htail empennage provides excellent yaw stability, especially when descending at
steep angles and highspeddsay mer 6 s met hod was used to deter
empennage structurEmpennageantrol surfacesre estimated to be 33% oktbhord length
while also fittingwithin the designed internal structuFégure9.6 presents the empennage

integrated into the overall aircraft desig

Figure9.6 1 Empennage integration design
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Chapter 107 Landing Gear Design

10.1 Introduction

Chapter 10ntroduceghe landing gear design for the Y3¥. The design process
discusses thiollowing features:

1 Designand arrangement
1 Storage
1 Clearances

10.2 Design
10.2.1 Arrangement

As determined in Chapter 5, a tricycle landing gear scheme was chosen as the design
approach for the YA4. This will provide sufficient ground clearana@specially when
mounting underwing payload systems. In addition, the landing gear system willybe full
retractable to help reduce the overall drag of the airérftire 10.1 presents the overall design
layout of the main and nose landing gear.

The wheelbase of the landing gear is present&ture10.2. It must be noted that the
nose gear is not centaligned between the main geand his is to compensafter the gun
located at the centémont of the nose.

Figure10.17 Landing gear design layout
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Figure10.27 Landing gear wheelbase @yt
10.2.2 Landing Gear Sizing

The szing of tires, wheelsandretraction systersan be seen iRigure10.3. The chosen
tire type is the Flight Eagle tire from Goodygas it has a speed rating of 210 mph (338 kph)
which is well above the takeoff and landing spgs]. Tire sizingof main gears based on
equation(10.1) using jet fighter values provided rable10.1(gives in inches)Table10.2
presents maiand nose@ear wheel sizePer Raymer, it is estimated that the nose wheel is 60%
of the main wheel siz&he design of theetraction system referencesthelA0 6 s e xi st i ng

retracting gear system.
W —25FT

5.2FT

127 FT —
Figure10.37 Landing gear sizing
O0"Qw & EoNDQO dw (10.2)
where:
7 w W QWG &0 M A ®N QaidEd @ YO o
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Tablel10.17 Statistical tire sizing9]

Diameter Width

A B A B
General aviation | 1.51| 0.349| 0.1750( 0.312
Business twin 2.69|0.251| 1.170 | 0.216
Transport/bombe| 1.63| 0.351| 0.1043| 0.480
Jet fighter/trainer| 1.59| 0.302| 0.0980| 0.497

Aircraft Type

Table10.27 YA-94tire size

Diameter Width
Main wheel | 3.4 ft| 1.04 m| 1.2 ft| 0.37 m
Nose wheel| 2.0ft | 0.61 m| 0.7 ft| 0.21 m

As for tire pressure, it is recommended by Raymer to be about 200 psi (1380 kPa) when
operating on major military airfields.

10.2.3 Retraction and Storage

The landing gear system retracts forward, similartottie®6 s | andi ng gear
Commonly, the mainepr would stow into the fuselage or sideways into the veiageen on
WWII fighter planes. However, due to the payload mounts located across the entire wingspan,
there is only enough room to retract forwasith the dtward retraction considered a ridk/ith
the gear deploying backward, it can act &ailaafein caseof hydraulic pressure los$his is
done by the forward motion of the aircraft which keep the gears deployed due to drag and
friction when rolling on the ground.

Figure10.4 andFigure10.5 illustratesthe landinggearin its stowed conditionThe main
gearwill be mounted to the maand trailing edgeving spar since the wing box is designed to
withstand high loadsAs mentiond before, the nose gear retracts to the side of the cockpit. Front
inos e caddedodhevdng'sleading edgm provide aerodynamic efficiency to the main
landing gear as the wheel cannot retract completely into the thiimgcausing additional
unrecessary drag.
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Figurel051 Lading gear stowed (bottom view)
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10.3 Clearancénalysis

Thefollowing section discusses various safety clearance angles and distances achieved
by the designed landing geagarding h e a i r .dt masft bk doted tkaGhe weight and
balance and the CG location of the 9A werearalyzed and determined aheadtié initial
landing gear desigrand his analysis will be later discussed in chapter 11.

10.3.1 Tip-Back Clearance

19.0°

1

Figurel0.6 1 Tip-back angle and clearance

As shown in Figure 10.6, the tail has a maximudB-degree tigback angle clearance.
This is above the t8egree requirement presented by Raymer, allowing the pilots more than
enoughclearancdo pull the nose up during takeoff or landing without having the tail striking the
ground.TheCG location at 25.9presents when the aircraft is fully loadetile theCG location
at 19.3 presents the aircrdfieingclose to empty. With angles greater thaf, i#%e CG is
guaranteed in front of the main landing gear at all loading conditions.

10.3.2 Wing Tip Strike Clearace

= f i “w_
5.70FT 21.3°
TAFT

5.0°
I

1

Figurel0.7 17 Wing-tip strike clearance angles

Figurel0.7 confirms the clearance of tlnengtip if the aircraft were tooll near the
ground.Per Raymer, it is recommended for the wing tip to have a minimum clearance of 6
inches above the ground if rolled bydBgreesand here is more than enough clearance if such a
situation occurs. In additiom a critical situation, if the wirtgp were to touch the ground, the
external payloads mounted on the far end of the winglasgedirom striking
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10.3.3 Overturn Angle

Figure10.8 7 Overturn angles

Per Raymerthe overturn angle in either direction is recommended tmber 63
degreesFigure10.8illustrates that this requiremeis met by measuring angles when the CG is
located at the highest poit5.9 port sideand51.6° starboard sideand when the CG is located
forward most (8.0° port side andl9.3’ starboard side)Since the nose gear is offset to one side
to allow cleaance for the main gun, both sides must be measured to ensure the aircraft does not
tip on either side when turning left or right.
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10.3.4 Ground Clearance

Iy
A0

1.3FT — L4.6 FT

Figurel10.97 Ground clearance

As shown inFigure10.9, there is sufficient ground clearance for external payloads
mounted below the wing. In reference to FAA requirements, there must be aumigiearance
of 7-inches, which is wlely exceededas shown in the image above

10.4 Conclusion

The current landing gear design satisfies all safety clearances based on the above
illustratiors. The landing gear system uses the existing design from-tt@while using
recommended tires by GoodyeRigure10.10 presents the thus far aircratsign with the
landing gear system fully integrated.

Figure10.107 YA-94 with landing gear fully integrated (deployed)
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Chapter 1117 Weight and Balance

11.1 Introduction
This chapter presents tiaeight and balarecanalysis of therA-94. The following
aspects of the aircraft are determined:

1 Component weight breakdown
1 Actual fuel weight

1 CG location

1 CG envelope diagram

11.2 Component Weight Breakdown

Various componenweightsof the YA-94 were estimated based on provided equations
from Raymer, Section 15.3.1, for fighter and attack air¢@ftSeeAppendix Efor equations
andinput valuesaused for this desigimhreetables show the weight breakdown of major weight
categorieshat make up the total empty weightructure, propulsion, equipment, and useful
load. Theempty weight resulted iB4,112 Ibs (10,93Kg). Locationswvere determined through
Creo,referencing a arbitrary point located 300 inches in front and 100 inches below the tip of
theaircraftsnose.Figurel11.1 presents these CG point locations of all deticasbmponents
within the aircratft.

Table11.17 Structure group weight and location breakdown

Weight | X-Location| Y-Location| Z-Location

Ibs ft ft ft

STRUCTURES GROJ| 16151.396 40.710 -0.005 8.338
Wing 3252.677 41.657 0.000 6.186
Horiz. Tail 474.144 61.690 0.000 8.333
Vert. Tail (L) 1066.528 61.483 -11.358 12.868
Vert. Tail (R) 1066.528 61.483 11.358 12.868
Fuselage 4889.094 38.093 0.000 8.758
Main Lndg Gear(L) 423.451 41.807 -9.846 4.443
Main Lndg Gear(R) 423.451 41.807 9.846 4.443
Nose Lndg Gear 276.256 27.781 -1.563 7.189
Engine Mounts 55.168 50.745 0.000 10.825
Engine Section 33.099 50.833 0.000 10.833
GAUS8 Avenger Canol 1963.000 32.547 0.179 7.957
Pylons 378.000 41.018 0.000 4.828
AGM Rack (L) 50.000 39.979 -13.750 4.628
AGM Rack (R) 50.000 39.979 13.750 4.628
Ti Bathtub 1750.000 25.394 0.000 8.987
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Table11.27 Propulsion group weight and location breakdown

Weight | X-Location| Y-Location| Z-Location

lbs ft ft ft

PROPULSION GRQ 4110.455 48.751 -0.013 10.812
Engine (L) 1440.000 51.101 -6.667 10.833
Engine (R) 1440.000 51.101 6.667 10.833
Tailpipe 0.000 0.000 0.000 0.000
Engine Cooling 402.549 47.500 0.000 10.833
Oil Cooling 76.856 47.500 0.000 10.833
Engine Controls 39.336 24.505 0.000 9.678
Starter 41.906 46.492 -1.255 7.995
Fuel System 669.809 41.108 0.000 10.949

Table11.37 Equipment group weight and location breakdown

Weight | X-Location| Y-Location| Z-Location

lbs ft ft ft

EQUIPMENT GROUP 3850.788 34.126 0.004 0.001
Flight Cntrls/Instru./Furnisl 1223.483 24.505 0.000 9.678
Hydraulics 253.743 40.000 0.000 6.250
Electrical 810.862 40.000 0.000 9.000
Avionics 1082.191 33.938 0.000 10.717
Air Conditioning 230.509 45.538 1.632 8.300
APU installed 250.000 46.492 -1.255 7.995

Table11.4 presents the weight breakdown of the useful load groups, including the two
pilots on board, fuel, and various external ordnance payldaasximum takeoff weight of
50,000 Ibs (22,680 kg) issed to determine the available fuel onbaatdr taking the difference
between the max takeoff weight and the empty and payload weights.
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Table11.471 Useful load group weight and location breakdown

Weight | X-Location| Y-Location| Z-Location

Ibs ft ft ft

USEFUL LOAD GROUP | 25887.360 39.843 0.024 5.598
Pilotwith equipment 230.000 23.750 0.000 10.000
RIOwith equipment 230.000 29.583 0.000 10.417
Left Wing Payload 6863.000 40.470 -7.974 3.781
Drop Tank 3880.800 40.161 -3.333 3.292
MK82 Bomb 500.000 40.808 -6.250 4.135
AGM®65 Maverick 3x Rac, 1386.000 40.992 -13.750 3.935
LAU61 Rocket Pod 470.000 39.897 -17.083 4.823
GBU12 Pavway 510.000 40.510 -20.417 5.417
Flare Pods (4x) 116.200 45.240 -10.000 5.347
Center Payload 3066.000 35.391 0.000 6.632
Gun Ammo 2066.000 32.547 0.000 7.957
CBU87 Cluster Bomb 1000.000 41.268 0.000 3.896
Right Wing Payload 6893.000 40.480 8.028 3.775
Drop Tank 3880.800 40.161 3.333 3.292
MK82 Bomb 500.000 40.808 6.250 4.135
AGM65 Maverick 3x Rac 1386.000 40.992 13.750 3.935
LAU61 Rocket Pod 470.000 39.897 17.083 4.823
ECM 540.000 40.641 20.417 5.257
Flare Pods (4x) 116.200 45.240 10.000 5.347
Burn IrFlight Payload 8605.360 41.124 0.000 7.892
Fuel (weight available) 8595.360 41.113 0.000 7.888
Oil 10.000 50.745 0.000 10.825
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Figurel1.17 Component CGyointlocations

11.3 Center of Gravity Location

The above weight and location data is used to determine the moment arms about each of

thethreedimensional axes arttlen used to solve the center of mfasghe aentirety of the

aircraft. Table 11.5 presents the CG location of the airciafvarious scenario.he MTOW CG

location was also modelesing the determined location valuesconfirm its location in the

aircraft, illustrated irFigure11.2.

Table11.57 YA-94 CG location per various loadings

Weight | X-Location| Y-Location| Z-Location

Ibs ft ft ft

MTOW CG 50,000 40.4 0.0 6.5

PayloadOut CG 33,200 40.9 0.0 7.6

Empty CC 24,100 41.0 0.0 7.4

FuetOut, Payloae€Dn CG 41,400 40.3 0.0 6.2
Drop Tank Releas 42,200 40.5 0.0 6.0
Payload Releas| 28,880 40.8 0.0 7.5

Clean, 10% Fue 25,440 40.8 0.0 7.5

Clean Flight with Fuel On 33,200 40.9 0.0 7.6
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Figurell.27 MTOW CG location modeled

Mass was also added to the 3D models to allow Creo to compute the CG location per its given

geomdries and volumes.lea b | e

pr es e-detesnin€rC6 wdasgram hee

locations closely matctine analytical valugabove with a foot difference in the vertical location.

Thisis due tomissing detailed components which were not modeled and present in the current

CAD model iteration.

Table11.67 Creo computed MTOW CG location

X-Location| Y-Location| Z-Location
ft ft ft
Creo Est. C( 40.4 0.0 7.6

11.3.1 CG Envelope

Using the known mass and CG data, the aircraft was also modeled into XFLR5. This
computes the neutral poilaication of the aircrafiocated 42.7 ft (13.0 m) from the chase
arbitraryreferencepoint. This valuecan be used to determine the aft and forward limits of the
CG location Typically, theaft limit is estimated to be 10% front ofthe neutral pointdcation
while theforwardlimit is 30%in front. These limit locations amefinedaspercentagdased
alongthew i n §IAGslength.The neutral pointis locateat5 2 . 3 % o f

the forward limit 22.3% and the aft limit 42.3% alonght h e

wi ngos

t h,enakimg ngos N

MAC.

To visualize and verifyhatthe CG location of the aircraft fits withthelimits
mentioned aboveaCG envelope was generated usingwarious CG locationpresented in
an overview
from takeoff to combaandlanding.Figure11.3 presents the various flight points of the A.

Tabke11l5. Thi s prov

i des

of

t he
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104 CG Envelope Diagram
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As can be seen, the change in CG locastays within the defined limitsherefore,
verifying the stability of the aircraft for each changing condition throughouhittsion

11.4 Conclusion

After a detaikdweight breakdown of theignificantcomponents of the aircraft, the
calculated fuel weight aligrdoselywith the predicted fuel weigh8,595.4 Ibs (3,898.8 kg)
compared t&RDSWin, which was estimated to be 8,538.3 Ibs (3,873 lkgaddition, the CG
location of the aircraft wasonfirmed in multiple wayswith all methodsesulting in similar
locations. Creating the CG envelope diagram confirms the stability of the aircraft longitudinally
during various flight scenarios.
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Chapter 121 Stability Analysis
12.1 Introduction

Chapter 2 introduces the stability analysis of the A using a combination of
Raymer s met hod and simulation in XFLR5. The

i Static margin
1 Modal analysis

12.2 Static Margin

The static margin is defined as thiecraft's atic longitudinal stability and
controllability. With the neutral poinpreviouslydeterminedusing XFLR5in Chapter 11
equation(12.1) canthenbeused to determine the static margin, where is the location of the
neutral pointe is the location of the center of gravity, and is the mean aerodynamic
chord lengthThis results in g@ositivestatic margin of 22.34%t MTOW.

v W W pr @& Q0 1 B &0
0 —— T —
W P p Bt A0

pninbc®TE (121)

Themassnertia moments at this location are determined using the three equations
below, where b is the wingspan, W is the takeoff weight, L isftiselage lengthg is the
gravitational constant, and are the gyration radii in the x, y, and z directions. The gyration
radii for a jet fighterare definedn Table12.1. The inertia moment of the aircraft can be seen in
Tablel12.2. For mmparison, Creo was also used to confirm the mass moments of inertia per its
given mass and geometry.

ww'yY

" 122
@) -0 (122
D GY
v (12.3)
TQ
o LUV ®Y (12.4)
C TQ

Table12.17 Radiiof gyration forjetfighter[9]

Y Y Y
0.23 | 0.38 | 0.52
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Table12.27 Moments ofinertia

Moments of Inertia KO) O O
(i a0 ®W®)| 73,928.57| 140,139.75 317,531.06
(TQ"QS( ) | 100,247.14 190,029.50 430,572.11

Table1l2.37 Creo moments of inertia

Moments of Inertia O O ‘O
(i a ®®W) | 95,389.06| 143,741.37 214,587.65
(Q Qb )| 129,330.20 194,887.13 290,941.79

The analytical and Creo values ammewhat similanyithin the same factor of 10. The values
themselves, however, diffeyla marginal amount. Moving forward, the analytical values are

used in future calculation¥he determined momeswf inertiaarethen used in XFLR5 to
determine the aircraftods | ongitudinal and | at

12.3 Modal Analysis

Using XFLR5 with the known inertia moments, weight, and CG location, the longitudinal
stability mode was analyzed and generated th@dng frequencies imable12.4. This can be
visually interpreted irrigure12.1. A rootlocus plot was also generatedseen inFigure12.2.
All points lie on the lefhand side of the graph ditta ng t hat t he ai sare aft os
stable.

Table12.47 Longitudinalmodevalues

Short Period| Phugoid Period
(Red) (Blue)
Natural Frequency (Hz 0.573 0.011
Damped Natural Frequency (H| 0.536 0.011
Damping Ratio | 0.353 0.004

95



Figurel2.17 Longitudinalstability analysisplot

Figurel2.27 Longitudinalroot-locusplot

Table 12.5resents tis mode's response times and frequerfaethe lateral stability
analysis These values are then visualizedrigure12.3. Both the roll mode and duteabll
mode, when disturbed, returns to its initial positibne spiral modesteadily rises, indicating a
slight instability in this mode when disturbédgure12.4 presents the lateral rotucus plot.
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Table1l2571 Lateralmodevalues

Roll Mode | Dutch-Roll | Spiral Mode
(Red) Mode (Blue) (Green)
Natural Frequency (Hz 0.530
Damped Natural Frequency (H 0.529
Damping Ratio/ 0.076
Time to double t2 (s| 0.141 809.87
Time constant 0.203 --

20

20

Figure12.371 Lateralstability analysisplot
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Figurel241 Lateralroot-locusplot

12.4 Conclusion

The YA-94 was determined to have a positive static margin. The moments of inemia w
determined in two methods resultingrelatively similar resultsbut the analytical solution was
chosen as the path forwasthce the analytical method is determined more accarat¢here is
much more confidence in the input values for the analysis

The YA-94 is determined to be stabletire longitudinal direction when analyzing the
aircraft's stability performancés for the lateral direction, only two of the three modes are
determined stabjeand he spiral is currently displayed as slightly unstasét has a very slight
upward trend pefFigure12.3.
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Chapter 131 Drag Polar Estimation

13.1 Introduction

This chapter discusses the estimation of theYA 60 s  thn Both Rayrer and
Roskam estimations were used to calculate the drag jpoltoth methods are explained in the
following sectionsThis chapter only estimates the overall do&the aircraft unlike the drag
breakdown which is presented@mapter 91 Drag Breakdowmwhere the drag of all
components is determined individually and later summed together. Therefore, this chapter
presents an estimated drag value efY#\-94 and later further analyzed and refine€hapter
1971 Drag Breakdown

13.2 Drag Polar
13.2.1 Raymer Drag Estimation

The skinfriction coefficient 6 ) and wetted ia ratio (Y F'Y ) were estimated using

Table13.1 andFigure13.1. The skin friction coefficient of an air force fighter is used as an
estimation, while the wetted area ratio is referenced around4hedgtimated to be 4.5. These
values can then estimateetzerdlift drag using equatiofil3.1).

“y

0 6T ™IMoo® T8IpU (131)

Table13.17 Skinfriction coefficient[9]

A
0 o] ~ 0
Bomber 0.0030
Civil transport 0.0026
Military cargo (high upsweep fuselag 0.0035
Air Force fighter 0.0035
Navy fighter 0.0040
Clean supersonic cruise aircraft 0.0025
Light aircrafti singleengine 0.0055
Light aircrafti twin-engine 0.0045
Prop seaplane 0.0065
Jet seaplane 0.0040
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Figurel3.17 Wettedarearatios

Using these given values, the drag polartakeoff, landingand clearconfigurations
arethen calculated and plotted filgure13.2. The inputs to generate these plots can be seen in
Table133. Thed for takeoff and landing was determinieg adding drag effestue to flap
settings and landing gearalues suggested by RoskanTable13.2. Notealsothat the K value
is determined with equatiqii3.2).

Table13.27 Estimated drag per component

Drag Component 0 Choserd
Landing gear 0.015 to 0.025 0.02
Takeoff flaps 0.01 to 0.02 0.015
Landing flaps 0.055t0 0.075 0.065
. P
O (13.2)

where:
1 © Wing aspect ratio
1 'Q Oswald efficiency
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