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PREFACE

As mechanicakngineers aspiranta/e have studied very hard for the last few years. We
have takerrequired and electives courses that our department has chosen to be as the right ones
to obtained the necessary undergraduate experience. We have come to the conclusion that all
those classes were nothing short of the doors tkrtberledge we will need en sailing in each
of our directions. This report is a resemblance of the hard weeded taet thisfar, not only

for the past semester but from the moment we decided to peruse a carrier in engineering.

The project we decided to undertake has not @men us the inspiration that will
catapult us into the future of engineering, but it has taught us a great deal of the things engineers
can accomplish when working in unison. We understand that technology, when used for the good
of humanity, can bring sgess to our lives and save others. Exploring this revolutionary world

of engineering we have seen the nedfd®scuing humanssing unmannederial vehicls.

Our team would like to dedicate our efforts to those who have risked their lives so we

can enjoyfreedom. To our arm forces, this project is dedicatgeto
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TEAM BREAKDOWN RESPONSI BILITIES

OQur team has divided the projectds core r e
area of expertise and interest of each member, and to efficiently accomplish the volume of work
required to present a high quality material. The differesponsibilities have been discussed

between team members and all have agreed to the initial assignments, they go as follow.

Jesus Morfa is the Integration Director and Environmental Control Specialist; this
position main responsibility includes the intagon of the various systems, i.e. life support and
patient, moving and fixed mechanisms, etc; as well asiéisggn of the required system(s) to
provide Environmental Controinside the platform. Other duties include the StructAwralysis
of the frame ad attachment system. Since thare only three members in the project, the
position titles also referto the responsibilities each team member will perform. In an actual
enterprise the different department directors and manager will mostly overseewheffl

operations instead of being directly involved in design tasks.

Marcel Milanes is Structural Analyst and Materials expert. This position main
responsibility includes a detailed analysis of all mechanical components by means of fine
element methods, BA). Additionally he is responsible for the design of the structure that will
make out the entire design. Furthermore as far as of the materials Marcel will be responsible of

analyzing and choosing the most optimum material for the Unmanned Rescue POD.
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Lina Orozco is the Computational Fluid Analysis Expert and Robotics specialist. These
position main responsibilities are to analyze the feasibility of design in terms of
Aerodynamics, and robotic desigAdditionally she will be fully responsible for th@botics
components that make up the URP; this includes but not limited to the programming of all servo
motors, the installation of all motion sensors and therefore the adequate integration of the

system.
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I. NOMENCLATURE
Table 1 Nomenclature
SYMBOL DESCRIPTION UNITS
ABEM After and Before Each Mission
URP Unmanned Rescue Platform
PMCL Preventive Maintenance Check List
POD
Os Sensible Heat BTU/hr
q Latent Heat BTU/hr
Or Total Heat BTU/hr
Sn Schedulen (Maintenance Frequency) hrs
VDC Voltage, Direct Current Volts
Eff Efficiency
F Force Ibs
P Pressure P
Y, Velocity ft/s
a Stress PSF
‘ Strain
Kl Displacement in
A, Area of the Different URP Walls ft*
Le=Ly Thickness of CarboRiber Layer ft
Le=Lg Air/Honeycomb Thickness ft
h, Heat Transfer Coefficient of Air BTU/hr-ft*-°F
Ke= Ky Thermal Conductivity of Carbon Fiber BTU-ft/hr-ft°-°F
Ke Thermal Conductivity of Air BTU-ft/hr-ft2-°F
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DESCRIPTION UNITS
Ke ThermalConductivity of Honeycomb BTU-ft/hr-ft*-°F
RaiTot Total Wall Resistance (Ai dependant) °F/BTU (IT)
Tso Outside Air Temperature °F
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1. INTRODUCTION

1.1Purpose

This project focuses mainly in the ability to apply the concepts and materials covered in
the mechanical engineering curriculurat FLORIDA INTERNATIONAL UNIVERSITY as
well as the capabilities of student members of working in teams and achieve a desigil that
incorporate a platform and the necessary moving and fixed mechanisms necessary to provide
critical care of any individual. In addition the Unmanned Rescue Platform (URP) design will be
capable of carrying medical personnel and supplies, i.e. foahoms, electronics, relief goods

and any other items that might be needed, always complying with original design constrains.

1.2 Motivation

Throughout hi story rescue of il sol ated per
United States military in ordeto maintain itself sensitive to international political and social
pressure to minimize friendly casualties. As result that the loss or capture of a single soldier can
have a tremendous impact on the entire military operdtidteerefore, from the begiing of
the Vietham War, military and political leaders has face many difficult situation involving the
rescuing of many fellow airman from becoming a potential U.S Prisoners of War (POWS). The
experience collected through the years has shown the poteskialhen conducting CSARO,
and examples of this are event that happened in Lebanon and recently in Somalia. In addition,

and as result of the reduction of force structures and decreasing defense budget, military leaders
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must Ado mor e wentdperdtioma snvironmaent. Comsequently, the US armed
forces have focused their efforts to UAVs development as means of dealing with the current
budgetary limitations. UAVs are becoming the weapons of choice among all military branches
for a variety ofmission that included intelligence gather and fire support to the troops in the
ground. But the one type of mission that is been overlook today is the one that involves the use
of UAVs for CSAR operations. Even though the recovery of isolated personsiglesnthat

highly trained individual are returned to their units of origin and prevent this person from
becoming a POW or a casualty of war. Therefore, the rescue of these strategic individuals such
as pilot, Special Forces, and reconnaissance units snthae sensitivity information is not
compromised. Furthermore, a successful rescue operation can have major impact on the military,
political and soci al mor al e support for t he
operations present a new setcbfllenges that must be recognized and address in order to find

effectives solutions to the problem that involved search and rescue operations.

The history behind CSAR operations has beeselyrelated to the development of new
technologies that can lokeploy on a combat environment. Therefore, the beginnings of this type
of operation started with the use seaplanes, parachutes,camittgrams, latergdvance tools) it
was seem the use of rotorcraft technology during World War Il and ViethamPdngmore,
toward the beginning of the twenty first century the same can be said about the UAV technology.
Currently the U.S military employ wide range of different UAVs in order to accomplish the

mission on the ground. Therefore, this senior design projacafia main objective to address
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the fact that how the technology of today can serve more effectively in the search and rescue

operation of troops that are currently fighting the different conflict around the globe.

0300 hours (Zulu) somewhere north of Bdgdi Major Chris Foster, call sign BAGH
21, was flying a CAP mission supporting two flights of Air Guarti@s attacking an Iraqi armor
division retreating south towards Baghdad, when suddenly he had a warning on his-t8urface
Air Missile (SAM) radar inlicating he was being looked at by an Iraqi radar system. BACH
whipped his plane over into a left SAM break. AddBces began to press against him, he felt his
aircraft shake violently and continued to roll inverted as ar6$fammed into his right wg.
Fighting the Gforces he fumbled for the firing mechanism of his ejection seat, found it, and
pulled the handles. The canopy immediately btgfvand suddenly he was alone in the air, three
miles above the barren deserts of Irl@gmpletely numbed byhe shock of ejection and the
deployment of his parachute, he made good use of the time remaining during his decent. He
pulled out his PRE€112B radio and tried to establish radio contact with his wingman. He called
twice and got no response from his wingneahbiting farther south to stay out of the range of the
SAM batteries below. His parachdtnding fall was much softer than he anticipated as he
landed on the hard Iraqi soil. Quickly securing his parachute, he made a dash for the nearest
wade and waitetbr the recovery he hoped would come soon. Because thelRPRG equipped
with an Emergency Locator Transmitter (ELT), both th8 & JSTARS (Joint Surveillance,
Target Attack Radar System) aircraft operating in theater and one of the sixteen SARSATs

(Seach and Rescue Satellites) designed to locate ELTs would track his position.

41



EML -4905 SENIOR DESIGN PROJECT

UNMANNED RESCUE POD INTRODUCTION

High above the downed pilot, a USAF RQPredator B), equipped with an AN/AFRBY
radar system was tracking Iragi ground vehicles when the UAV (Unmanned Aerial Vehicle)
operator m Turkey located BACF2 16 s hi de si ght . The Predator
pinpointed his position and relayed the information to #®TARS controllers working the
situation. The -BTARS operator knew that unless BA@H was pickedip quickly, the loal
Iragi paramilitary forces would sweep through and grab their first downed allied pilot of the war.
A message was immediately relayed to the JFACC (Joint Force Air Component Commander)
describingBACH2 1 6 s situation. A deci atlize anewaesoverymme d i

technique developed by the USAF Special Operations School and UAV Battle Lab. A USMC

Eagle Eye TRUS (Tilt Rotor UAV System) operat with a forward unit of the St1Marine

Division was immediately directed to BACEI1 6 s | o ayaniles t the moithn Gruising at

200 knots, Eagle Eye was a lawst, composite tHtotor air vehicle using extensive dfie-

shelf heliopter and common hardware padsing a technique originally developed for U.S.

Army AH-64 and OH58D aviators,the r ocedur e involved a downed p
a mooring clevis on the UAV by means of a #fADc¢
AJames Bondod recovery technique, while unusua

avoid becaning a POW (Prisoner of War) and a political pawn in the war with Iraq.

Soon the Eagle Eye was hovering a few feet above BRCHHe quickly secured
himself to one of the mooring points on the side of the UAV and held on as the Eagle Eye turned

and flew b an Army Special Forces-Aeam operating sixty miles to the east. At 200 knots and
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barely 100 feet above the ground, BARHL 6 s r i de was exciting to sa
telephone and electrical wires, dodging vehicles and villages, and geneaadliing high threat

areas, the Eagle Eye safely dropped the pilot off at aypckite near the Special Forces Team.

As the Eagle Eye returned to its original mission, the Team quickly secured BAGIHd that

night loaded the pilot on board an Army MHE A Chi nook o6 hel i copter f

Turkey.

A few hours later, CNN and other news organizations flashed the news of the-BACH
recovery around the world and it was considered a major strategic boost to the allied war effort

in Iraqi.

9 June 206G

U.S. News and World Report

In the article above it is clear that rescue operation of any down pilot or any other
military personnel can be very complex task to execute in a very short period of time, as result
that there are too many variable that can lead to an outcome that mithiet tne intended in the
first place, which is to save the life of the individual been transported. Therefore one of the
possible solutions to this problem is addition to current military inventories of rescue platforms
by implementing this design into cu e nt Unmanned Air Vehicle (U
today both UAV and Unmanned Air Combat Vehicl

for their combat flexibility and adaptability to perform different mission during peace and war

43



EML -4905 SENIOR DESIGN PROJECT
UNMANNED RESCUE POD INTRODUCTION

time. In addition, inr e c e n't year the used of UAVOG6s has i
Operation Desert Storm, Allied Force, and Enduring Freedom. As result of this the United States

Air Force (USAF) has began to take steps to determine the best used for this typeabgch

by establishing the UAV Battle Lab. By the year of 2000, the USAF has invested almost $ 80
million in UAV research. Currently the biggest users of the UAVs across the services are the
Intelligence Surveillance, and the Reconnaissance (ISR) and Ri&Téonjunction with the

USAF on recent Irag operations. Therefore, all this organization throughout the year has learned

how to conduct battle field operation and the realization of the role in CSARO missions.

Therefore by adapting current operatiorerdJAV and UCAYV platforms could definitely
support and perform many of the different tasks that are needed for current CSARO operations
such as search, air fire support and recovery of isolated personnel or wounded soldier in order to
allow commanders to aintain battlefield synergy manned platforms while reassuring isolated

personnel that recovery is imminent.

Combat Search and Rescue Operations and Task
ACombat search and rescue operations (CSA
while denying theenemy a potential intelligence source. It is a key element in sustaining the
mor al e, cohesion, and ultimately, the operat.

Major General Lance L. Smith, USAF
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1.3Scope

1.3.1Abstract

The goal of this project is tdesiqn an unmanned rescue pod mechanigrat can be
feasibly integrated to aexisting Unmanned Aerial VehicleThe platform will suit different
applications ranging from militgrto civilian rescue operations, althougiwill be incorporated
primarily in those military operations where air evacuation will be considerdareat tothe

safety of crew members manned air vehicles.

The project will include design and build phases where a scaled model will be analyzed
and fast prototyped, followed by a testistage where the team will look at the fluid mechanic
characteristics of the model. We will evaluate the structural behavior of the platform and conduct
methodical stress, vibration and heat transfer analysis. A robotic design will also be carried out

in order to automate the different systems implicated in the concept.

1.3.2Applicability

The immediate purpose of this technology is to rescue soldiers from remote battlefields
without endangering the life of the flight crew (e.g. pilot and additional ammmbers).
Additionally, this unique design will allow cargo transportation such as medical supplies. A
future application of this technology includes evacuation of civilians during and after possible

disasters natural and man created as hurricanes, t®)mamliear plant accidents, etc.
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1.3.3Project Constrains

We engineers frequently encounter constrains and limitations when undertaking project
designs. It is the overcoming of these boundaries what makes our jobs stimulating and
challenging. This projeds not the exception, on the contrary it is loaded with constrains which
if are not rigorously analyzed, may result in complete failure. We will list them in this section
and go over them briefly. We will break them into different categories in latelosgchs

applicable and carefully evaluate them

4 The platform should be able to carry at least two persons, (an injured soldier & a
paramedic, or two injured soldiers)

4 The level of intensive care provided in the URP would be no different fronment
combatmilitary ER unit

4 The integration of the URP with the chosen UAV will not affect the structural and
aerodynamics capabilities tife vehicle

4 All systems and personnel included would not overcome the 1000 Ib weight limit
carrying capacity of the UAV

4 The inside of the URP must be conditioned in order meet air quaktydatrds, see
ASHARE standard 62, section 6.1.3.3

¢ The project will be successful i f soldiers:
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1.3.40ther Responsibilities

It is the responsibility of theenior group membet® adhere andollow the materials
and proceduresspecified trough the mechanical engineering curriculum as specified by
FLORIDA INTERNATIONAL UNIVERSITY. It is the responsibility of any interested parties to
revise, correct, approvand/or reject anydesign data prior to the commencement of the

mechanism building stagee. measurements, procedures and recommendations.
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2. LITERATURE RESE ARCH

A review of relevant terminology and previous work in the design of reBoDeED 6 s i s
presented in this section. Taking that into consideration this section will cite definitions some
relevant to our project outcomes, these definitions serve as guide and introduction to the readers
unfamiliar to the worl d orfendih@eYy dobgatiannalstaie the e v a
origin of this information which is cited at the end of the section and contained in the reference

section of this document.

2.1 Unmanned Air vehicles

2.1.1DefiningUAV 0 s

Unmanned air vehicles are becoming a modern wfagransportation. Their use will
definitely expand to commercial transport, however nowadays they are mainly used in the
military industry for espionage and ground attack purposes. Next we will define Unmanned Air

Vehicles and list some of their classé#imons as define by Wikipedia.

AAN unmanned aerial vehicle (UAV) is an unpilotadcraft UAVs can be remote
controlled or fly autonomously based on+pregrammed flight plans or more colep dynamic
automation systems. UAVs are currently used in a number of military roles, including
reconnaissancand attack. They are also used in a small but growing numbervibf ci

applications such as firefighting when a human observer would be at risk, police observation of
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civil disturbances and crime scenes, and reconnaissance support in natural disasters. UAVs are

often preferred for missions that are too "dull, dirty, arglrous” for manned aircraft.

There is a wide variety of UAV shapes, sizes, configurations, and characteristics. For the
purposes of this article and to distinguish UAVs from missiles, a UAV is defined as capable of
controlled, sustained, level flight apdwered by get or reciprocating engineCruise missiles
are not classed as UAVs, because, like many other guided missiles, the vehicle itself is a weapon

that is not reused, even though it is also unmanned and in some cases remotely guided.

The abbreviation UAV has beexpanded in some cases to UAVS (unmanaiedraft
vehicle system). Th&ederal Aviation Administratiommas adopted the generic clasgmanned
aircraft systenfUAS) originally introduced by the).S. Navyto reflect thefact that these are not

just aircraft, but systems, including ground stations and other eletents.

2.1.2 UAV Classifications

AUAVs t ypinteané df gix funetibnhl categories (although muttie airframe

platforms are becoming more prevalent):

4 Target and decoyproviding ground and aerial gunnery a target that simulates an
enemy aircraft or missile
4 Reconnaissanceproviding battlefield intelligence

4 Combat- providing attack capability for highisk missions
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4 Logistics- UAVs specifically degned for cargo and logistics operation

4 Research and developmenused to further develop UAV technologies to be
integrated into field deployed UAV aircraft

4 Civil and Commercial UAVs- UAVs specifically designed for civil and

commercial applications

They can also be categorized in terms of range/altitude and the following has been

advanced as relevant at such industry everBaesAberportiUnmanned Systems forum.

Handheld 2,00 ft (600 m) altitude, about 2 km range
Close 5,000t (1,500m) altitude, up to 10 km range
NATO type 10,000t (3,000m) altitude, up to 50 km range

Tactical 18,000t (5,500m) altitude, about 160 km range

¢ ¢ ¢ ¢ @

MALE (medium altitude, long endurance) up 80,000t (9,000m) and range

over 200 km

¢

HALE (high altitude, long endurance) over 30,000 ft and indefinite range

4 HYPERSONIC higkspeed, supersonic (Mach5) or hypersonic (Mach 5+)
50,000ft (15,200m) or suborbital altitude, range over 200km

4 ORBITAL low earth orbit (Mach 25+)

% CISLunarEarttMoon tr ansf er o
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2.2 Past and Present of AkEvacuation Vehicles

The history of air evacuation does not go too far back, however if we look at air
evacuation <carried out by UAVOG6s, we wi | | S ece€
advances in many fields of aviation but evacuation by UAV is a concept no one haitedxpl
We have performed an extensive research into this interesting subject and the resources found
have been | imited. We have decided to present

what it has been done for evacuating the injured using pitoteethicles.

"Equipped for medical evacuation with litters on its skids, the13kkee figurel) made
its mark in history during the Korean War. It served as a casualty evacuation helicopter for the
United Nations Forces in Koredhe OH13E is basicajl an OH13D model with modifications
to the cabin area to include a three seat configuration and dual controls. It was used for medical
evacuations with external stretchers as well as observation and reconnaissance missions"”

Courtesy of the Army Aviationddeum placard.
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Figure 1: The OH-13E, a modified helicopter that served in the Korean War as an evacuation

vehicle.

In figure 1we can see the external stretchers where the injured were transported. The
evacuations performed in this particular aircraft posted a great menace, not only to the already
injured men who had to lay uncovered, but also to the crew which was totally éxpassemy
fire. The focal idea of this project is to precisely design an evacuation platform that overcomes
the flaws of this early concept. Since the aircraft transporting the injured will be unmanned there
is no danger to a crew. Furthermore the evayatill be enclosed in a POD which provides a

secured transportat to the nearest safe hospital.

Our project, once completed will be unique in the market of UAV/Rescue products and
equipments. The closest similar product available today is a helicdptegned by TGR

Helicorp Ltd. Nevertheless this soon to be available helicopter is not intended to be used in
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military scenarios where the performance of the rescue equipment and transportation focuses

more in to combat/critical injure rescues.

This helicopterthe Alpine Wasp, which wouldetestdonthe3754m Mt Cook and then
donate to the Everest rescue trust to establish a rescue service and base Madepaf.high
tech composite materials, with a diesel helicopter engine and rotos lnladigned especially for
maximum performance in thin air, was to be based at Namche Bazar, a village sitting at 3440m

in Nepal's Khumbu sub regioRigure2 shows a conceptual design of the Alpine Wasp.

Figure22TGR He |l iAlpireeWasp s

2.2.1Unmanned Air Vehicle Mobility and Service Support

The current need of unmanned transport aircraft could be years away from been

materiali ze. But it iIis important to start to
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the wayto fast development of the necessary tools that will enabletsabhology to become a

reality; according to Eric Schmitt, Chief Executive Officer of Google, Inc.,

AEven though the technology to take off, <c
licensed air carrier (commercial or private) by 2030 will be able to fly without at least one pilot
- in the pilot seat- supervising the whole process. On takeoff, the training and timing for
handling emergencies such as engine failure are not going toahsferable to autopilots and
machines. On landing, automated airplanes would have to sequence in with many older
airplanes piloted by humans. Towers andtaaffic controllers love to change everything at the
last minute, and adding the ability to neakhanges by computer while simultaneously using
voice is not realistic. Finally, the FAA changes so slowly that if pilotless travel like this were at

all possible, the adoption and certification would take at least 50 years."

Even though the United Stat@smy, in particular, is looking to the Unmanned Aerial
Delivery Gliders in order to provide support for Special Forces units and Army Paratfoopers
The next big step is to develop and implement powered flight with troops once certain
physiological passener 6 s | i mi t ati ons are address before
technology. This limitations are been consider seriously but this organization. An informal
survey of Army aviators and Air Force pilots indicate that many would prefer to attempt
escape and evade rather than strap themselves to a UAV in a hostile envitoAnieasible

solution to this iIssue is the integration of
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and Navy SERE doctrine. The merging of such as techniqguemet@urrent doctrine would not
required a new mindset with respect to an isolated personnel recovery and once this integration is
accomplish into the special operation, this elite communities would become more readily
acceptable to the rest of the sergi@s result that they will set the standard for other units to

follow.

2.2.2 Combat & Rescue Operations Integration for &JAV

Aln order to fully exploit the potenti al of
complete systems with new combimas of advantages and disadvantages, rather than as vehicles
with a single outstanding characteristic or as

-SAF/PA 961204 UAV Technologies and Combat Operatiorisxecutive Summary

The current state of the art UAVs technologies offer a key role in the CSAR operations,
not only as result of the benefits of the Vertical Take Off and Land (VTOL) capabilities, which
basically give the commanders in the war zone the flexibility to trabhgpavide range of

payload to the equivalent of two soldiers or any other type of cargo needed in the battle field.

Furthermore, and in order t oor Kleed@ aviint dor afh
design of an Unmanned Rescue POD (URP) should havitarsor the same capabilities to
accomplish successfully every CSAR operations. In addition, there are some key mission

requirement elements that must be included in this design such as:

4 Precise platform navigation via GP&ided inertiahavigation syeems (NS)

55



EML -4905 SENIOR DESIGN PROJECT
UNMANNED RESCUE POD LITERATURE RESEARCH

4 Infrared and RF countermeasures (IRCM/RFCM) for survivability in clostargmat
exposures; these include flares and chaff, active IRCM, and towed decoys asngeter
by survivability analyses

Weapons interface, including utiks and guidance

Radarand Optical sensors for tacking

Mooring points for personnel extractions (minimum 250 Ibs per individual)

¢ ¢ @ @

Communications package that allows for both linear and nonlinear communications

In addition to the necessary equipment in order to recoves@ated soldier, it is
important to mention the fact that even though this technology enables the decision makers in the
ground to conduct this type of CSAR operations. There are others logistical aspects to this type
of rescue mission that must be noedwok for example this type of technology could be used to
carry supplies to isolated personnel. In addition, this type of application has the potential to

reduce the amount on aircraft in the theater required to support this type of operation.

2.3 Profesional Survey

During the early stage of this design project our team concentrated it attention on
reaching out to different experts on the field such as pilot, nurses, engineering, among other; that
could bring their experience to the subject matter. Toexe after many phone call and web
search key meeting were layout in order for us to find out many of the answer through the

experience of others. The first meeting occurred on early September 2008 at Fire Station # 56,
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the objective of this meeting was tesearch what type of rescue platform, medical equipment
and procedures that were in practice could be implemented in our design project. In addition, to
the different type of tools found at this location, there was the chance of interview many of the
firefighter and paramedic about their daily activities and experience at time of respond to an
emergency. The knowledge again at this meeting gave us new ideas on how to improve our
current design in term of the different requirement needed to treat patieddhe necessary
equipment require while doing such task. The following pictures show some of the data gather

during that trip to the fire station.

Figure 3: Stretcher at a current Fire Rescue Vehicle

After the completion of the meeting at the fire station many of the basic questions that we
had were answer at that time. But others ones begin to arise of a higher complexity as result that

our application is design to be implemented on an unmanned resticepter. Therefore, as
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result of the little experience on the field of rotorcraft, we decided to contact the Miami Air
Rescue Units, located at Tamiami Executive Airport. Early of a Saturday morning, our team
headed to the location where our meetingl ke place. Upon arrival we had the chance to
explain our project to the pilot and nurse on duty. Right after we were given a tour of the facility,
which included the different equipment such as respiratory units, stretchers, emergency trauma

kit, and he most important the Bell Helicopter 412s (BH 412 EPs) used for their daily operations

(Figure 9.

Figure 4: Miami Dade Air Rescue Unit Vehicleand Crew (Bell Helicopter 412s)from left to right:

Mechanic Mr. Suarez Captain E. Perea, and CommandeGohle
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In addition, another aspect of this field research consisted on getting as much information
on how different procedure are implement at time to response to an emergency call. Also, we
took noted of all their recommendation irder to improve our existing design. For example, the
knowledge gain from the pilot was very inside full due to his year of experience in the line of
duty. Furthermore, the flight nurse on duty provides us with detail information on the different
procedureghat she has had the opportunity to deploy over her professional carrier. As well she
gave us an informal training on how the different medical equipment work and how they were

important to our project, which ashown in the following figures:

Figure 5: Passenger Main Cabin
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Figure 6: Respiratory and Vital Sign Units

Once the first two surveys were completed our team decided that it will be necessary to
interview someone in the field of academia. Thanes after a briekearch KathleeBlais Ed.D,
RN Associate Professor from Florida International University Colledéun$ing agree to meet
with us in order to discuss our project from the patient need point of view. The discussion over
different topicsuch lack of oxygen on the blood stream due combat wound, pressure due to high
altitude and its effect on the patience, the
must be within an hour time frame from the site of the accident to the newésial facility,
among other topic were to name a few of the idea discuss during at the time. All the input from
this expert in the field of combat medicine was taking into consideration. Some of them were
taking into consideration for our design projeahd other that will recommended for future

application and optimization of the current design.
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3. ENGINEERING DESIGN AND ANALYSIS

3.1CFD Desin
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3.1.1Fundamentals of Computational Fluid Dynamics

External FI ows involving air are often ter
the study of flow around solid objects of various shapes. When studying aerodynamics we must
understand the relancy of the forces involved, as well as the fluid properties we refer to (in our
case &) when carrying out any study, in essence to accurately predict the aerodynamic forces
and moments that act on a vehicle in flight, it is necessary to be able tibelekerpattern of

flow around the configuratio(Bertin & Smith, 1989, 1979)

When a body moves through a fluid, an interaction between the body and the fluid
occurs; such effect can be described in terms of the forces dlutth-body interface, these

forces can be better defined as wall shear stress and normal stress (due to pressure) along the

flud-body i nterface. Notice the forces describe
forces; therefore we find it necessg t o i ntroduce the concept
Dynami cso, given the dependency of such pheno

Computational Fluid Dynamics or CFD methods are concerned with the solution of the
equations of motion of a fluid while considering i¢eraction with any given solid body. The
derivation of the principal equations in Fluid Dynamics is based in the fact that the dynamic

behavior of a fluid is determined by three impottaonservation laws, which a(Bathe, 200}

# Conservation of mass

# Conservation of momentum
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4 Conservation of energy

Furthermore it is equally important to consider the fluid properties as how they influence
our study and consequently our results; when referring to fluid properties, weeaikcaly
referring to airds properties, this given th

integrated to a UAV, hence the primarily properties to be considered while conducting any study

(@)

wi || be the airdés vi s ocharacteysticaas wel | as its co

Determining whether air is consider compressible or not becomes crucial to our design
not only because the flow will not only be a function of Reynolds Number but it will also
become a function of Mach Number; indeed is this dimensierpasameter the determinant
factor of what we consider to be incompressible or compressible flow. Consequently given that
the Mach Number is defined as the ration of the value of the local flow velocity, V, to the local
speed of sound, ¢, we could accurateecided whether air flow around our design is
incompressible or compressible. The airspeed (speed of helicopter relative to a viewer on a fixed
reference frame) of the UAV is 145 knots, in other words the airspeed is approximately 90 m/s;

the speed ofaind in air is 330 m/s given that Mach number is defined as:

JJ=|==

=1
>
=
4
I
1

Equation 3.1.11 Mach number
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Fluid Flow where Ma O 0.3 is considered In
study we consider the flow to be incompressible. Incompressible Newtonian fluids are better
describe by the NawvieStokes Equations which when combined with the coréenv laws
mention above become rather complicated and in some cases analytically unsolvable. Given the
complexity of the solution to these equations
is a numerical approach or experiment that involves riggathe partial equations with

discretized algebraic equations that approximate these PDE.

Moreover another i mportant property to be
property that can be simply described as the stickiness of the flard/tgiven surface; the more
viscous a fluid is the more force is required to push a body through it. In general viscous effects
are important inside the boundary layer, which is a thin region around the surface of the body.
FIl uid cl ose tfawe willlceeatecsbeprdarceséand cengequently drag or friction
reacting against the moving body, fluid flow further away from the surface will act as inviscous
eventual ly r eac hi-straam Velodityeie definédras a stream thatrne lenger
interacts with the static layers of fluid and there asrelative motion between the(Wunson,

Young, & Okiishi, 2006)
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Figure 8: Free Stream Velocity

This velocity profile best describes a Newtonian Fluid. Air is considered a Newtonian

Fluid because the shear stress is proportional to the velocity gradient, in other words, if we say

that the shear stress and the velocity gradient are linearly propdrtvam must have

proportionality

constant

or

Ado;

t

hi

S

constar

fluid, or in our case air. Similarly such velocity profile may be model over the entire surface of a

body to create streamlines. A streamlin@& ine that is everywhere tangent to the direction of

flow at every point in the flow field; they are obtained analytically by integrating the equations

describirg the lines in the flow fieldMunson, Young, & Okiishi, 2006)Streamlines play an

important role during the post design face, because they offer descriptive visualization of the

fl ow

f

i el d

surroundi

ng the

bodyo6s

sur face.

Accordingly is important to briefly discuss laminar and turbulent flow, as well as the

transitian

phase

from

one to t

h e

ot her

given its i

design. Laminar flow is the smooth, uninterrupted flow of air over the contour of any part of an
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aircraft in flight. On the contrary turbulent flow is highly unorganizedaatic, and very

irregular, hence the velocity at any given location of the flow is unsteadsamdam fashionA

transitional phase from laminar to turbulent flow exists at some point within the flow field; this is

true because the parameter that goverise t ransi ti on i s the Reynol
the value of the Re Number at the transition location is a rather complex function of different
parameters including the roughness of the surface, its curvature, and some measure of the
disturbances ithe flow outside the boundary layer. Transition occurs wi@n= Y, 5x

10° (Munson, Young, & Okiishi, 2006 Reynolds Number can be calculated from the following

equation:
_ 4"
=| n- H|
Equation 3.11.2 Reynolds Number
Where:
} Air density

To: Air velocity
L: Length of the body
M: Viscosity

Since we are designing an attachment for a UAV helicopter we cannot ignore the fact that

the transition from laminar to turbulent flow is rather quickly, and therefore for tilny sve
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consider the flow to be turbulent. The simulation of turbulent flow presents a significant
problem, since there is no precise expression for the shear stress in turbulent flow only numerical

approximations are available by means of CFD analysis.

Additionally is important to discuss the relationship between velocity and pressure; such

relationship is better described by the Berno

bt =2 = e v«
Equation3.113Ber noul |l i 6s Principle

The firstterm of this equation is the static pressure and the second term is the dynamic
pressure. This principle states that the flow velocity increases and the local pressure decreases;
the constant term at the other side of the equation can in fact be any sumabehis equation is

use to compare flow at two different points along a streamline.

According to the | aw of conservation of

destoyed t can onl y b@&lunsoh aaugge & Okihi, 2006) careful study of

Bernoull i s equati on sdisiwfactthehpaténtiat eheegy Withimthei ¢ P r
fluid doing wor k, hence exerting forces on th
by the dynamic pressurearw i ng t he fl ui d particles. Bernou

following conditions are met:

4 There are no losses in energy (friction, viscosity)
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4 Steady Flow
4 Incompressible Fluid

4 Equation applicable along a streamline

Si nce Ber no udtates that theEsym aft theostatic pressure plus the dynamic
pressure is constant, the equation could be rewritten as the follows:
F+-z7 = |F +-21
Equation3.114adapt ed Bernoullids Equation

From this equation we could also derive teo important relationship known as the

Coefficient y00f TPreesswefef i ciiCnt of pressure

bodyés surface using the following equation:

= T
F= T

Equation 3.11.5 Coefficient of Pressure

When designing an aircraft, helicopter or a UAV (Unmanned Aerial Vehicle) the study of
the Lift and Drag is critical; since we are designing and attachment for a UAV, hence an
automated rescue POD these forces become extremely important during the aesgs. pDue

to the complexity involve when solving the integrated form of the lift and drag equation
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respectively, a widely use alternative has been implemented; the coefficient of Lift and Drag are

a simplify measurement of the lift and drag forces.

Thelift force is then calculated by+&ranging the following equation:

e bl
iaT=

Fd
Equation 3.11.6 Lift Coefficient

Where:

C.: Lift Coefficient

A: Characteristic Area

V: Velocity

The drag force can also be calculated bgnrenging the following formula:

_ 3 e

I:
T Z_"_=

Equation 3.11.7 Drag Coefficient
Where:

Cp: Drag Coefficient

A: Characteristic Area
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The drag and lift coefficients are important because they could be thought of as a
measurement akliability, hence they guarantee the functionality of the design; in terms of our
design we are primarily concern with the amount of drag the POD will add to the UAV,

specifically the effects of pressure drag upo

Drag is a force, consequently a vector quantity having both a magnitude and a direction.
Drag acts in the direction of the flow due to the pressure and shear forces on the surface of the
object. For Drag to be generated the solid must be in contactheittuid, therefore if there is
no fluid there is no Drag. It is primarily generated by the difference in velocity between the solid
object and the fluid; thereupon it makes no difference if the object moves through a static fluid or
if the fluid moves pss a static solid object. The overall drag of an object is characterized by the
dimensionless drag coefficient; therefore if we assume constant drag coefficient, the drag force
will vary as the square of the velocity; thus the resultant power neededtomecthis drag will

vary as the cube of velocifiKuethe & Chow, 1998)

Since drag is a function of different parameters such as Re Number, surface roughness
among others it could be classify into certain relevant categdtassitic Drag, Skin Friction

Drag, Pressure Drag (Form Drag), Interference Drag, andnidftced Drag.

Parasitic Drag

Parasitic drag is caused when attempting to move a solid through a fluid. Parasitic Drag is

made up of many components, the most pnemt being form drag, skin drag and interference
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drag; Since most of the elements that make up the total parasite drag are dependent on Reynolds
number, it is necessary to specify the conditions under which the parasite drag is to be evaluated;
i.e., theReynolds number corresponding tetflight condition of interest. In simple words we

could define parasitic drag (or also called parasite drag) as follows:

Parasite Drag = Form Drag + Skin Friction Drag

Considering this is a UAV helicopter careful anadysf these forces must be accounted
for. Generally Parasite drag is present any time the helicopter is moving through the air. This
type of drag increases with airspeed. Nifimg components of the helicopter, rotor mast, tail,
and landing gear, contribeito parasite drag. Any loss of momentum by the airstream, due to
such things as openings for engine cooling, creates additional parasite drag; because of its rapid
increase with increasing airspeed, parasite drag is the major cause of drag at higeedsirs
Parasite drag varies with the square of the velocity. Doubling the airspeed increases the parasite

drag four timegCebeci & Kafyeke, 2005)

Skin Friction Drag

Skin Friction is duy,eontheobjeet.dttislayunctioo ofschanlgr st r
the magnitude of the wall shear stress, but also of the orientation of the surface on which it acts;
if the surface is parallel to the upstream velocity, the entire shear force contributes directly to the
drag, likewiseif the surface is perpendicular to the upstream velocity, the slosdrbrtes

nothing to the dragMunson, Young, & Okiishi, 2006)Generally speaking the surface of any
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body will have portions parallel to and normal to tipstream flow, as well as any direction in

between.

Knowing that the viscosity for most common fluids is relatively low, the contribution of
shear is very small; such statement is better explain in terms of dimensionless analysis: since Re
Number for mostamiliar fluids is quite large, the drag contribution percentage caused by shear
stress is often very small in contrast to highly streamlined bodies or low Re Number flow, where

most of the drag may be due to skin frictioagl

CROSS SECTION OF UPPER

Figure 9: Skin Friction Drag

Pressure Drag

Pressure drag is the part of the drag directly produced by pregsareany object. It is
often referred to atorm drag because of its strong dependency on the shape or form of the
object. Pressure Drag is a function of the magnitude of the pressure and the orientation of the

surface element on which the pressure force acts.
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Since this is not a flat plate the pressurdifgoaries along the surface of the object and
therefore the characteristics of the entire flow are highly dependent on the pressure gradient
effects on the fluid near the surfacenbe within the boundary laygMunson, Young, &

Okiishi, 2006)

In most cases it will be unavoidable to have separation of the boundary layer from the
solidés body; such phen oevivmus daw around accylindpraForaab | et
given cylinder the pressure distribution is the samgther side of the cylinder, thus there are no
unbalance forces, hence no drag is produced; If we now consider a viscous flow for whose
boundary | ayer stays attach to the objectséo
only have some drag due skin friction. In the other hand if the boundary layer separates from
the cylinder the pressure on the downstream side of the cylinder (back side) is essentially lower
than the pressure at the top ( [/ 2)pressureddrapp ot t o n

due given that this pressure is much lower that the pressure at the stagnation point (v=0)

(D -

Figure 10: Form Drag
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Interference Drag

Interferencadragis the drag created by the vortices at the tip of an aircraftg. With
airflow circulating underneath a lift generating shape,hlgh pressure underneathcduses the
airflow at the tips of the wings to curl around fromtbat to top in a circular motion, resulting

in a trailing vortex such vortices created &y.

Interference drag can be minimized by proper fairing and filleting, which induces smooth
mixing of air past the components. No adequate theoretical method will predict interference
drag; thus, wind tunnel or flightst measurements are required. Faugh computational

purposes, a figure of 5 percent to 10 percent can be attributed to interference drag on a total

aircraft.

Interference Drag
Sharp angle
E bietween wing
.:“m{\: z | andfuselage
= (had)
& Filleted juction
) § | o

Figure 11: Interference Drag
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Lift - Induced Drag

As a rule when we design any lift generating shapeingésputably generate drag;
Induced drag is generated by the airflow circulation around the rotor blade of the UAV as it
creates lift. The higipressure area beneath the blade joins thepl@ssure air above the blade at
the trailing edge and at the rotiips causing a spiralvhich trails behind each blade whenever
lift is being produced. These vortices deflect the airstream downward in the vicinity of the blade,
creating arincrease in downwash making it operaten average relative wind thatredaively
inclined downward and rearward near the bla8@ce the lift produced by the blade is
perpendicular to the relative wind, the lift is inclined aft by the sameunt; he component of
lift that is acting in a rearward direction is induced ddgS. Department of Transportation,

2000)

Figure 12: Induced Drag
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Total Drag

In essence all these types of drag must be accounted for when determining drag for

subsonic flight {p < ¢ within a sound propagating medium)

The total dragis the sim of parasite and induced drag, and can simply be defined as

follows:

Total Drag = Parasite Drag + Induced Drag+ Interference Drag

Combining all drag forces results in a total drag curve. Thepoint on the total drag
curve shows the airspeed at which drag is minimized. This is the point where -thedfdg
ratio is greatest and is referred toLA9max, at this speed the total lift capaciwhen compared
to the total dragis mostfavorable. This is impoant in helicopter performangt).S. Department

of Transportation, 2000)
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Figure 13: Typical Drag Curve

For the purpose of this design we are primarily concern with the grodwd drag rather
than with the amount of lift that can be generated, in fact the POD itself was not thought of as a
lifting body, in fact the design has been continuously modified in order to reduce the amount of
drag that can be produced during crugsinowever as the design evolved the addition of the
wings forces us to consider the amount of lift that is being generated and therefore thatdrag

is beennduced.

A typical device designed to produce lift does so by generating a pressure distributio
that is different on the top and bottom of a surface. Most commaegeliferating devices operate
in the large Re number range in which the flow has a boundary layers and wake regions. For
large Re number flows pressure distributions are usually dirpodiyortional to the dynamic

pr es s 02 with vispous effects being of secondary importance.
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3.1.2 Incompressible Viscous NavieStokes Equations

Furthermore when describing the flow field in which any object is immerse in we assume
that all signifiant aspects of an incompressible or compressible flow can be adequately

described by the solutiomd the conservation equations known as the N&Stekes equations

The NavierStokes equations are based on the principles of conservation of mass,
momentum and energy. Since most flows are turbulent with fluctuations of pressure, temperature
and velocity over a wide range of frequencies, the solution of the Natokesequationsis
formidably challenging anchas so far notbeen met in a unanimousatishctory way,
consequentlyt is common practice to average the equations so that the equasiertbeir time
dependenceThe timeaveraged equations, usually called Reynolds AyetaNavierStokes
(RANS) equations, are approximate representations of flows, and the proper application of the
numerical solutions requires that one be familiar with the assumptions and approximations that
have been made and their effect on the accurattyeamumerical solutiongCebeci & Kafyeke,

2005, pp. 41, 42)

Depending on the flow anditions sometimes we must useduced forms of these
equations, by doing so we could drastically reduced the complexityeo$dlution as well as
computational time. The NaviStokes equations may be obtained by using infinitesimal or

finite control volume approaches, and the governing equations can be expretiffiedeintial or
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integral forms, or in other words by consider small volumes we could study and describe the

flow of different fluids.

These equations are an extension of the Euler Equations and include the effects of
viscosity on the flow. A solution for these equations is called a velocity field flow, which
de<ribes the velocity of a fluid at a given point in space and time. In essence the Stakies
equations are considered to be governing differential equations of motion for incompressible
Newtonian fluids. The purpose of these equations is to represi@mtesimal momentum
changes throughout the control volumes as the summation of body forces, surface stresses and

energy sources.

For general application, the unknown parameters that appear in the -Ntokes
equations are the three velocity compondatsi, w) , t he pressure (p), t

viscosity (W). For a fluid of known composition that is in equilibrium, the density and viscosity
are functions of pressure and temperature, thus there are five variables to a general problem since
we aly have four equations we must then introduce the conservation of energy equation in order

to solve for a general flow involving all five variables.

Moreover The NavierStokes equations in differential form can be derived by using an
infinitesimal contrd volume either fixed in space with the fluid moving through it or moving

along a streamline with a velocity vectdr= (u, v, w) equal tothe flow velocity at each point;
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therefore we could write these equations for an incompressible three dimensionadsfl

follows:

z 0 z ( z D

o Z :Q,, =0, =Q,,
= 4 + + +
4 "—4 ] z @ z (¢ ] Zl

\\

Equation 3.12.2x-component of momentum equation

re ’-+ ’G..+5G..+$G., +Zl
"—4 z ( z 0 z ( >

z

Equation 3.1.2.3y-component of momentum equation

o z =d =d =d
Z"-_<: -+ )e + " + » + Z.,
T z ) ze z ¢ z )

Equation 3.1.2.4z-component of momentum equation

Where the D/Drepresents the substantirivative given by:

Equation 3.1.2.5Material Derivative
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The momentum equations make use of Newton's second law of motion with their left
hand sides representing mass acedéem per unit volume and their righaind sides representing
the sum of net forces per unit volume acting on the fluid which consists of surface and body
forces. Surface forces arise because of molecular stresses in the fluid (such as pressure, p, which
is present in a fluid at rest and acts normal to a surface) and viscous stresses which act normal to
a surface or tangentially (shear stress). The first term on thehaglil side of the momentum
eguationsdenotes the net pressure force per unit volumetlamaninus sign arises because, by
definition, a positive pressure acts inwadirthermore the next three terms denote the viscous
forces per unit volume, and they arise as a result of the different compoheatsnal and shear

stresse$¢Cebeci & Kafyeke, 2005)

s
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Figure 14: Viscous Shear Components

In order to completely define the Naw8tokes equations we must introduce the equation

representing conservation of energy, which has a form similar to the momentum equations and it
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is based on the first law of thermodynamics stating that the increase of energy in a system (i.e.
control volume is equal to heat added to the system plus the work done on the system. For
incompressible flows, the work done on the system is negligible, andelgyequation may be

written as:

z A z A z A
+
-z 0

Equation 3.1.2.6Energy Equation

Where:

A Conduction heat transfer rate per unit area in the three orthogonal directions
A Heat source (i.e. radiation, chemical reactions)
Fm Specific Heat

The conduction heat transfer terms may be written in the form:

Equation 3.1.2.7Heat Transfer Equation

Where:

k: Constant thermal conductivity

82



EML -4905 SENIOR DESIGN PROJECT
UNMANNED RESCUE POD ENGINEERING DESIGN AND ANALYSIS

For compressible flows, the Nawi8tokes equations are similar to those given for
incompressible flows, however since the flgpbperties now also vary with temperature, the
continuity and momentum equations are coupled to the energy equation, and the solution of the
energy equation provides the temperatuigribution in the flow filed(Cebeci & Kafyele,

2005)

\\

4
<

+ gz =

\

Equation 3.1.2.8Continuity equation for compressible flow

For a Cartesian coordinate system, it becomes:

Z+—Z<> +

z < z @ z (¢ z )

\

Equation 3.1.2.9Modified Continuity Equation

Is important to notice that even thought we are now dealing with compressible fluids the
momentum equations will remain the same as those for incompressible fluids, and lastly for a
given compressible fluid the energy equations can be written in ternagabfehergy per unit
volume, E, as follows:

F<« 4 -+-n-_

Equation 3.1.2.10 Energy Equation for Compressible Flow
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Conversely to simplify the analysis of this design the fluid flow is considered as
incompressible, given the Mach number is less than 0.3 and therefore compressibility effects can

be neglected.

In sum the vast majority of work on the Navi&tokes equatits is carried out assuming
incompressible Newtonian fluids for which there are several methods to solve them, and they can
be divided in two classes; the first one uses the stream function variable to ensure that the
conservation of mass is satisfied wheealing with twedimensional flow, however when
extending the analysis to thrdanensions the stream function scalar has to be replaced by a
threedimensional vector potential, which typically is the vorticity vector; thus the modified
system of equationsontains six variables as suppose to the four variables in incompressible
NavierStokes equations expressed in primitive variables, which now corresponds to the second

class of solutions for which different analysis methods have being developed over time.

All in all the NavierStokes equations are a very useful set of equations because they
describe the physics of a great number of phenomena extensively analyze by means of

computational fluid dynamics, ultimately used in the design pfaaes, UAVsracing cars, etc.
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3.2CFD Modeling and Analysis

3.2.1 Dimensionless Analysis

Flow patterns are often very complex; therefore it may be necessary to not only use
theoretical analysis but also we must use experimental investigations to describe thatresult
flow. Using theoretical descriptions may utilize simplifying approximations in order to obtain
any solutions at all (i.e. numerical methods are approximations; hence these are used in CFD
studies). The validity of the simplifying approximations for atigular application should be
verified experimentally. Thus, it is important to understand the fundamental laws that govern the
fluid motion in order to relate the theoretical solutions obtained using approximate flow models

with the experimental resujtashich will involved scale models.

Scientifically scale models are a representation of a physical system that may be used to
predict the behavior of the system in some desired respect; the physical system for which the
predictions are to be made is cdllthe prototype, with the successful development of a valid

model, it is possible to predict the behavior of the prototype under a certain set of conditions.

Likewise there is an inherent danger in the use of models, that is predictions can be made
in error and the error will transcend on to the prototype causing it to not perform as predicted. It
is therefore, imperative that the model be properly designed and tested and ultimately that the

results be interpreted correctly.
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In order to properly designhé¢ model an adequate procedure must be generated,;

dimensional analysis is a way to structure such procedure in a relevant manner.

Di mensi onal anal ysi s i s based on the HABu
dimensional homogeneity. Essentially we assuhat for any physically meaningful equation

involving k variables, such as:
o =0 .0 .80g

The dimensions of the variable on the left side of the equal sign must be equal to the
dimensions of any term that stands by itself on the right sideeogédhal side. Thus, the above

equation can be rearrange ipiterm® assethatf: di men
:‘n ] 18 g}
Equation 3.2.11 Pi Theorem
Where:

n , .98 B> Function of |, through B>

Furthermore the required number of pi terms is fewer than the number of original
variables byr, where r is determined by the minimum number of reference dimensions required

to describe the original list of variables (i.e. basic dimensions are MLT systebT system).

86



EML -4905 SENIOR DESIGN PROJECT

UNMANNED RESCUE POD ENGINEERING DESIGN AND ANALYSIS

Before we even attempt to address the procedure for the model design, we must first
determine the relevant amount of Pi terms related to our problem; to do so we must follow the
fimethod of repeating variableso0 T hu s, t hi s nmeseties ofdsteps as fallows | i n e

(Munson, Young, & Okiishi, 2006)

1. List all the variables that are involved in the problem

2. Express each of the variables in terms of basic dimensions

3. Determine the required number of pi terms

4. Select a number of repeating variables, where the number required is equal to the
number of reference dimensions

5. Form a pi term by multiplying one of the nogpeating variables by the product
of the repeating variables, each raised to an exponent thhtmake the
combination dimensionless

6. Repeat Step 5 for each of the remaining-repreating variables

7. Check all the resulting pi terms to make sure they are dimensionless

8. Express the final form as a relationship among the pi terms, and think about what

it means

Markedly the most important step is step number one because your entire analysis will be
base in the variables you think are related to the study at hand and therefore the entire analysis
will depend on these assumptions; therefore for most problems pertinent variables can be

classified into three general groups: geometry, material properties, and external effect.
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1. Geometry: geometric characteristics can usually be described by a series of
lengths and angles.

2. Material Properties: the response of a system to external effects such as forces,
and pressures, among others, depends on the nature of the material properties;
variables that relate them both must be included.

3. External Forces: It refers to any variable that produces or tends to produce a
change in the system; given the nature of this problem variables in this class

would be related to pressures, velocities, or gravity.

It has been shown that any given problem can be described indearset of pi terms

as:

Since the above equation describes the behavior of a particular prototype, a similar

relationship can be written for a model of this prototype, that is:

Equation 3.2.1.2Model Pi terms

For the above equation the form of the function will be the same as long as the same

phenomenon is involved in both the prototype and the model.
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The pi terms can be developed so thatcontains the variable that is to be predicted
from observations made on the model. Therefore, if the model is designed and operated under

the following conditions,

Log = L2
L3g = Ls
Leg = Lg

With the presumpti on t hneodelanhdipretotype, it follovesthatd 1 s t h

Equation 3.21.3 Prediction Equation

The Prediction Equation indicates that the measured value ,gf obtained with the
model will be equal to the corresponding of the prototype as long as the other pi teares
equal. Furthermore it is inevitable to say that the ratio of like quantities for the model and
prototype naturally arises from the similarity requirement; that is the ratio of a model variable to

the corresponding prototype variable is therefore knaven schl®@ fior t hat vari abl

To carry out dimensional analysis we must be familiar with the problem at hand, hence
its dependencies not only to the geometry and the material but also to the different group such as

Re number, Froude number, and Eulember among others (all these groups could be found in
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appendixC under common variables and dimensionless groups); in terms of our design we are
dealing with flow around an immersed body since we are talking about a UAV during flight in
contact with ondluid only air. Modeling laws for these problems required geometric and Re
number similarity to be maintaingtlunson, Young, & Okiishi, 2006)Since there are no fluid
interfaces, surface tension is not important likewiseiggravill not affect the flow patterns, so

the Froude number doesnot need to be conside
therefore compressibility effects can be neglected and the Mach number is not considered. In

such case a general formulatimn this problem is:

T =W =

. mEZqe
= H

Equation 3.21.4 Pi terms for immersed bodies
3.2.2 CFDAnalysis andResults

In order to carry out any CFD (computational fluid dynamics) study there several steps
must be flowed. CFD analysis is not only setting boundary conditions and anajpsist also

includes selection of domain, meshing,-precessor, solver and pgatocessor.
Mesh Seup

Although different software packages can be used for computational fluid dynamics
analysis, they all share one common characteristic; that is the generation of a fluid domain for

external flow problems. Meshing refers to the generation of a grid; suchsgncde up of
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discrete points arrangement in the flow domain, thus in order to run simulations we must first

mesh the fluid domain.

Undoubtedly when meshing, the flow type becomes important because the initial
geometric set up depends on this conditioive® the nature of this problem external flow
analysis is necessary; therefore a box surrounding the body will be constructed in order to

simulate the fluid domain, note the geometry will be extracted from it.

Figure 15: Domain Setup

The above pictures represent the region that will be mesh in order to atiaysetocity
and pressure profiles around the geometry. Aerodynamically speaking analysis of these profiles
is important because we could obtain important informationtaheuperformance of our design

particularly in terms of drag generation.

Meshing isan important step in any CFD simulation; it must represent the geometry

correctly and accurately because errors in this representation can have a significant effect on the
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solution. Different refinement meshing techniques are used in order to guarantee egefime
accurate mesh, this is important because complex geometries can be resolved into tetrahedral and
prismatic elements that facilitate the solution of the N&tizke equations that describe viscous

flow, thus when meshing we must carefully study geometry in afer to create a suitable grid.

One important feature is the Inflation Boundary; the inflation feature as indicated by its
name creates inflated boundaries forming prismatic elenetit® areas where a wall (freép
or noslip) bounday condition exists. By adding an inflation boundary we reduce the length of
the mesh el ements nor mal to the objectds surf
region boundary layer effects give rise to velocity gradients, thus a smatles grécessary to

ensurehigher resolution of the results.

The Inflated Boundarymesh near the body surface was generated using gtigsm
elements resolved perpendicular to theface walls, butoarserparallel to the surfacén this
study, only turbwent flows (Re> 10°) will be considered. The inlet Re number is approximately
18.90x10, we expect the flow to be turbulent all across the helicopter and the pod since Re
numbers closed to the inlet value will define the flow inside the dortimis;to sinulate highly
turbulent flow thefirst layer of the inflated boundary was getthe default elemerteight to

width ratio.
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The Reynolds Number at inlet will be calculated as follows:

1m= Z—H”

Where:

P: Inlet perimeter of Domain
V: Inlet velocity

K: Dynamic viscosity of air

} Density of air

Furthermore a total of eight (8) boundary layers were usedamitexpansion factor of
1.2 for each successive layer, hence the thickness of each consecutive layer will be increased by
the given factorANSYS allows specifying mesh controls; mesh controls are often used to refine
the mesh in conflicting faces and edges of the geomegry.regions where the geometric
features are parametrically complicated producing low mesh resolution. Once the problem is se
up ANSYS creates default face spacing for the entire domain, however individual face and edge
spacing can also be created for all different regions (inlet, outlet, symmetry plane, outer walls,
and bodyds wal | s) .isusedta specifyliermesh terggth sc8le an @ facegr
edge and in the volume adjacent to them. Additional control spacing was set up on the body with
the angular resolution option of 8The mesh was set up to a very fine scale with a minimum

and maximum tetrahedral edge lémgf 0.05 and 0.5 ft respectively and an expansion factor 1.2.
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An edge spacing mesh was also specified for the edge of the model that intersects the symmetry
with similar mesh settings. The combination of these two specified controlled meshes allows it to
become very refined at the boundary intersection (model surface), and thus producing more

accurate results at the bodybés surface.

Other meshing controls were used to resolve the grid in areas with intricate shapes; a
point spacing control was setup tteagth scale of 0.02 ft and an expansion factor of 1.2 directly
connected to the triangle and line controls. Moreover a Surface Proximity control was also used.
This type of control examines the model for locations where distinct faces are in closatgroxim
allowing for the surface mesh to be automatically modified reducing the mesh size in regions
where faces are in close proximity and the original mesh does not resolve the gap sufficiently;
default setting where used for number of elements acrossmghpha maximum number of
passesin general preview groups are used to examine the surface mesh that would be then
utilize to create the volume mesh for the computation. This preview is particularly important
becauset provides the user with a preview thfe mesh coupled to its parameterization allowing

foreseeingproblematic areasféhe mesh that may require furthrewision.

Analysis of themo de |l 6 s  snpartdnebecausei tlse interest diis project is
resolving the drag forceandlift forces ating on thebody UAV and patrticularly on the POD so

that we could minimize it, ensuring better flight performance.
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Analysis for all three different settings (i.e., A160 with retracted POD, A160 with
extended configuration and A160 with no POD) was carry out maintaining control parameters,
therefore initialization of the fluid domain remains the same, further resultdevidiscuss

accordantly other tables will be included in this section of the report.

/AN IONES

\Geometry Atorksheet

Figure 16: Inflation Boundary
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Figure 18 Mesh extended configuration
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Figure 19: Mesh A160 Hummingbird

Problem Setup
After setting up the mesh, a set of boundary and initial conditions must be assign to the
computational problem; In general ANSYS CFX Jprecessor will mvolve the following

actions:
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Table 2: Overview of ANSYS CFXPre

Component Feature Details
User Mode General Mode
Simulation Type Steady State
Fluid Twvpe Ideal Gas
Domain Tvpe Single Domain
Turbulence Model Shear Stress Transport
ANSYS CEX.Pre Heat Transfer Isothez@al |
Inlet (Subsonic)
QOutlet (Subsonic)
Boundary Conditions Symmetry Plane
Wall: No-Slip
Wall: Free-Slip
Timestep Physical Time Scale

# General Domain Definition

Prior running a simulation we must first generate its domain. The fluid domain contains
all the general condition that describes the fluid itself. After entering a name for the domain, or
selecting a domain to edit, the domain details view appears indHespace. In this view we
setup theGeneral Options The general options tab allows us to set the location and type of
domains, as well as the fluid, porous or solid, used in the domain. The reference pressure,
buoyancy options and domain motion are akstohere Since all simulationsnly involved fluid
flow the domai n t yDpoemamunsot abned stehte tfo ufi Fdl uciadn b €
ideal gas. All simulations were conducted eagernal flowand wereconsidered to be a

reference pressumf 57182 Pa, (1194.277 Ibffjtthis is because we were mainly interested in
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simulating inflight conditions at an altitude of 15,000 ft or 4,572 m, likewise dlomain can

also be assumed t@ INon buoyant and stationary.

IDetaiIs of Domain 1
General Options l Fluid Models ] Initialisation |
Basic Settings gt
Location | B137 L]
Domain Type IFIuid Domain j_]
Fluids List | air 1deal Gas - ..
Coord Frame ICoord 0 lJ
[ Particle Tracking
Domain Models
Pressure =
Reference Pressure |57182 [Pa]
Buovancy =
Option |Non Buoyant LI
Domain Motion =
Option | Stationary L]
Mesh Deformation =
Option |None L] Ji
=l

Figure 20: ANSYS CFX-Pre general options
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Table 3: Domain Physics

Name Location | Type | Materials Models

Heat Transfer Model = Isothermal
Turbulence Model = SST

Domain B137 Eluid Air Ideal Turbuen.t Wall Functions =
1 Gas Automatic

BuoyancyModel = Non Buoyant

Domain Motion = Stationary

# Fluid Model and Initialization

For this study the flow in the domain is expected to be turbulent and approximately
isothermal in order to simply calculations, thus for this isothermal simulatiorieimgerature
field was set to the specified isothermal value of 258.432 K or 465.18 R (average temperature at
an altitude of 15,000 ft or 4,572 m above ground level). The Stessslransport (SST)
turbulence model with automatic wall function treatmeaswsed because of its highly accurate
predictions of flow separation; flow separation is particularly important because is directly
relates pressure profiles to form drag, whi ch
advantage of the SST mod#te boundary layer was resolved with 10 mesh notles.shear

stress transport (SST) modal menterworks by solving a turbulence/frequenriogised model
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(ki ¥) at the wall and #Jin the bulk flow; ablending function ensures a smooth transition

between théwo models

Similarly for domain initialization we must setup different parameters. The velocity type
was selected as Cartesian velocity direction and magnitude of velocity linear initial conditions
are treated independently. This reflects the use afcitgl and (i.e., direction and magnitude
specified) and direction specified; given the coordinate system the direction of the velocity is in
the negative w, its magnitude is 72.022 (/36.30 ft/s)the other values are set to zero adopting
a direction namal to the inlet boundary. Given the nature of this problem the reference static
pressure was set to be, 532 Pa(1194.277 Ibf/ff) this at an altitude of 4,572 115,000 ft)

considering this the average altitude reach by the A160 Hummingbird durint fligh

In order to avoid the creation of walls at domain inlets and outlets, the globally
representative inlet and outlet pressure values are respectively decreased and increased by 10%
of the range of values. The initial condition for the pressure fieldldHmithe average of the
highest value of pressure specified on any of the outlet boundaries and the lowest value of
pressure specified on any of the inlet boundaries. This reduces the likelihood of spurious inflow
at outlets, or outflow at inlets, durintpe course of the solon. Lastly the turbulent Eddy

dissipation model is left as automatic.
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Details of Domain 1

General Options

Outline | Output Control | Domain: Domain 1 l

Fluid Models IInitiaIisation ]

Heat Transfer =
Option | Isothermal _V_j
Fluid Temperature |258.432 [K]
Turbulence =
Option | Shear Stress Transport L]
Wall Function lAutomatic L,
Advanced Control
IV Transitional Turbulence =]
Option |Fully Turbulent LI
Reaction or Combustion - None
Thermal Radiation Model - None

Figure 21: Fluid Domain

Outline | Output Control | Domain: Domain 1 | [ X
Details of Domain 1
General Options I Fluid Models | Initialisation I
[V Domain Initialisation =
I” Coord Frame
[V Initial Conditions =
Velocity Type ICartesian LI
Cartesian Velocity Components =]
Option Automatic with Yalue v
u I
v I
w |-72.022 [m s~-1]
Static Pressure =]
Option Automatic with Yalue v
Relative Pressure [s7182 [pa  +| =)
Turbulence Kinetic Energy =
Option Automatic v
¥V Turbulence Eddy Dissipation =
Option Automatic S
™ Turbulence Eddy Frequency 16|
Ok I Apply | Close |

Figure 22: Initializatio n

Global Initialization isimportant because it sets up the domain for the CFD analysis wrong

initial conditions will add difficulty for computation, hence solver will not converge within given

loop iterations (regularly 100 iterations for steady state) yielding erroneous andahiereli

results. Special attention must be paid when configuring the domain.
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4 Boundary Conditions

Boundary conditions must be applied to all the bounding regions of the domain. Likewise
definition of these conditions is done in ANSYS Gpe. There willbe five regions that
need to be set. These five regions are the inlet, the outlet, the symmetry plane, walls, and the

body itself.

Even though each boundary is seXplanatory a brief description is necessary in order to
better understand why each icdébed accordantly. The inlet is the region where flow is
beginning. The outlet is where the flow ends or exits the simulation. The body is the solid
portion of the assembly, in this case the airfoil. The symmetry plane is the plane where the
edge of the bay is touching and represents that the body continues past this plane in the
same geometry but for data and results studying the whole body would consist of much more
time while acquiring the same data. The last is the free slip walls. These are thengemain
regions and are called free stream because they move at the same speed as the speed
designated at the inlet and this will be discussed in more detail as the free stream conditions

are explained.

These regions are first assigned in the EW&sh part ofANSYS. The faces are chosen
and given a name so that they may be defined by the@&XThe first step after opening
the advanced CFD is to set a domain. A domain holds the definition of physical models,

boundary conditions, and sources for a mesh adgemb
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Figure 23: Boundary Conditions

Table 4: Boundary Physics

Domain

Name

Location

Type

Settings

Domain 1

inlet

inlet

Inlet

Flow Regime = Subsonic

Normal Speed = 72.022 m/s

Mass And Momentum = Normal
Speed

Turbulence = High Intensity and
Eddy Viscosity Ratio

Domain 1

outlet

outlet

Opening

Flow Direction = Normal to Boundary
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