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ABSTRACT

This research will be used to evaluate the feasibility
of robotically, or renote-controlled firefighting nozzles
aboard air-capable ships. A nunerical nodel was constructed
and analyzed, using the program CFD-ACE, of a fire hose
stream being deflected by the influence of a crossw nd,
tailwi nd, or headw nd. The nodel is intended to predict
the reach of the fire hose stream i ndicate the
distribution pattern, and estimate the volunme of fire
fighting agent available at the end of the stream
Prelimnary results for a two fluid cross flow nodel have

been obt ai ned.
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. 1 NTRODUCTI ON

A BACKGROUND

The Navy is presently attenpting to reduce the cost of
operating and maintaining the fleet, and manpower is a
maj or area under scrutiny. There is great concern with the
concept of reduced manpower and its effect on the damage
control capabilities aboard shinp. In order to reduce
manpower the ability to automate ship systens is essential.

Wthin damage control automation the technol ogi es that
are being sought and inplenented are fixed automatic
firefighting systens, i mpr oved damage control
communi cations, self-reconfiguring systens, flood control
systens, and fixed boundary cooling. It is believed that
automated firefighting systens wll be benefici al to
controlling fires since the crucial time to achieve contro
is within the first 3-5 mnutes of the start of the fire.
Automated systens activate nore quickly than a human

response team

In order to obtain optimal systens and procedures for
ships with reduced manpower the Ofice of Naval Research
(ONR) is sponsoring two Naval Research Laboratory prograns,
t he Damage Control Automation for Reduced Manning (DC- ARM
and Integrated Survivability Fleet Evaluation (ISFE). In
Sept enber 1998, the first successful denonstration of a 35%
reduction in damage control nmanpower on the test platform
ex- USS Shadwell (LSD 15), was perfornmed. The next goal is

to reach a 60%reduction in manpower. [Ref. 1]

The concept of fire extinguishment is based in the
idea of the fire triangle where a fire consists of three

sides of the triangle representing fuel, oxygen, and heat.
1



If either of the three is renmoved then the fire will be
extingui shed. Firefighting agents can achieve this through
physi cal or chem cal neans. There are four basic physica
neans: 1) Snothering the fire, where the fuel and air are
separ at ed. This concept is behind foam extinguishers. 2)
The renoval of heat. Agents with high heat capacities can
provide the means for heat renoval by absorbing the heat
from the fire. 3) Forcing a high velocity gas over the
flame to separate the fuel and air or the fuel and heat.
4) Flame radiation blockage, where the agent absorbs
thermal radiation between the surface of the fuel and the
flame for liquid or solid fuels. Fire extinguishnment via
chem cal neans occurs by wusing an agent that interferes
with the chem cal reaction that sustains conbustion. [Ref.
2]

Presently, the Navy uses a variety of firefighting
agents including Halon 1301, Halon 1211, Aqueous Film
Form ng Foam (AFFF), CO,, and potassium bicarbonate powder
(PKP) . Water m st systens are the likely candidate for
future ships. Halon 1301 is used in enclosed spaces by gas-
phase catalytic interruption of conbustion reactions.
Hal on 1211 is used for stream ng applications such as fires
in engines that result from the pooling of fuel when an

aircraft engine does not start, as well as large three-
di mensi onal cascading flight deck fires. AFFF is 6% Foam
and 94% wat er. It is used to extinguish two-dinensiona

pool fires. AFFF, CQ,, and PKP are all used within portable

extingui shers for first-response fire fighting. [Ref. 2]

Hal on has been found to damage the ozone |ayer and
production of this material was halted on 31 Decenber 1993

due to international treaties and US | egislation. The Navy

2



mai ntains a strategic reserve of Halon since it is nission
critical for the Navy. [Ref.3] Therefore, it is necessary

for the Navy to find a suitable replacenent where Halon is

used. No substance with the same qualities that Halon
possesses has been found. However, there are a few
possibilities for Halon 1301 replacenent. One being fine-

aerosol generation, which is where a solid propellant is
burned and a fine, fire-fighting aerosol is released. | t
retains the sanme fire-fighting capability as Halon 1301
with better weight and space requirenents. Fi ne- aer osol
generation is not preferable because it is difficult to
manage the “high tenperature of the burning propellant and
the non-clean-agent residue that can be both toxic to
humans and corrosive to shipboard systens”. [Ref. 4,
p. 109] Anot her possibility for repl acenent i's
hept af | uoropropane (HFP). The drawback for using HFP is a
greater requirenent for space and weight than Halon 1301.
A third possibility is hydrofluorocarbons such as HFC 227
(FM200) . FM2OO can be wutilized in occupied as well as
unoccupi ed spaces. However, its drawbacks include the
inability to be piped over long distances and it has a |ow
boiling point. [Ref. 5] The final possibility is water
m st technol ogy. The only replacenent for Halon 1211 being
considered is halocarbons. There is still a great deal of
testing that needs to be done to determne toxicity to

humans and possi bl e environnental inpacts. [Ref. 6]

Water mist systenms are defined by producing a droplet
size smaller than 500 microns. These types of systens are
a desirable alternative because they use a small anmount of

water and are lower in weight. [Ref. 7]



Water mi st systenms can use as little as 2% of the
wat er normally used by conventional wat er
systens. Water m st extinguishes fires quickly,
cool s radiant heat from surroundi ng equi pment to
elimnate any risk of re-ignition, and permts
al nost imediate access to an affected space.
Overal |, wat er m st is probably the best
alternative to halon and all other gaseous
systens. [Ref. 8,p. 1]

On May 26, 1981, an EA-6B aircraft crashed into
several parked F-14's while attenpting to |land on
the USS NIMTZ (CVN68). As a result of the
crash and the ensuing fire and explosions, 14
persons were killed and 42 injured. [Ref 9, p. 1]

The Board of Investigation found the |level of disaster
to be due to several deficiencies wthin equipnent and
t echni ques. This drove the Naval Research Laboratory to
investigate inprovenents to firefighting tactics on flight
deck fires by evaluating various firefighting techniques
such as different firefighting agents, the application of
those agents wunder various wnd conditions, and their
ability to extinguish a variety of fires. Specifically,
seawat er versus AFFF, 1-1/2 in. and 2-1/2 in hand lines in
various wind conditions, effective range of nonitors (water
cannons having flow capabilities from500 to 12,000 gpm in
various wind conditions, running fuel fires, and debris
pile fires. [Ref. 9]

One of the greatest inhibiting factors is being able
to “approach an area where the incident heat flux |evel
exceeds the protection of a fire proximty suit.”[Ref. 10,
p. 1] Due to these inhibitions, Renote Controlled
Firefighting Platforns (RCFP) have been devel oped and
tested. Another advantage of the RCFP is the ability to
approach a fire fromthe downw nd side. Two prototypes

4



produced by the Naval Surface Wapons Center are the
Firecat, a battery-powered, tracked vehicle, and the
Firefox, a gasoline driven, skid steer vehicle. After
testing the vehicles in various wind conditions and
conparing the results to hand lines it was found that in
certain situations the hand |ines extinguished the fire
nore quickly due to the ability to enploy a firefighting
techni que of rapidly noving the stream of foam back and
forth. However, the RCFP's proved to be an asset in
certain situations. “The vehicles were able to naneuver
into close proximty (less than 8nm) and extinguish or
control 34 of the 45 test fires in 150 seconds or |ess.
These fires would have been difficult or inpossible for
unprotected hose line crews to extinguish, particularly in
a downw nd approach.”[Ref. 10, p. 25]

Regardl ess of the firefighting agent in use, w nd
conditions will always be a significant factor in their
application on a flight deck. The anmount of deflection of
t he agent being applied due to wind conditions is essenti al
information in applying firefighting tactics. The anount
and direction of deflection will determ ne how and where
the firefighting agent needs to be applied for optinal
extinguishing effects. Conputational Fluid Dynam cs (CFD)
nodel i ng can provide the insight of wind effects upon the
application of firefighting agents. Many different w nd
conditions and options for the application of firefighting
agents can be tested and evaluated at a | ow cost using CFD
nodeling. Field-testing still needs to be perforned to
eval uate the validity of the CFD nodeling. The findings
fromthis type of nodeling and testing can be used on

future flight decks of aircraft carriers with respect to

5



the types of deliverance nmethods of firefighting agents and
their placenment around the flight deck in order to optimze
firefighting capabilities under various w nd conditions.
This study uses CFD nodeling to evaluate the jet stream
fl ow devel opnent and deflection at the exit of a nozzle in

a cross flow of w nd.

B. PROBLEM DESCRI PTI ON

The purpose of this study 1is to construct a
Comput ational Fluid Dynamics (CFD) nodel to analyze a fire
hose stream being deflected by the influence of a
crosswind, tailw nd, or headwi nd. The nodel is intended to
predict the stream reach, indicate the distribution
pattern, and estimate the volune of fire fighting agent
available at the end of the stream This study
concentrates on a nodel of the flow developnent and
deflection for wvarious jet stream velocities and cross

flows of wind near the exit of the nozzle.

CFD- GEOM CFD- ACE, and CFD-VIEW version 2003,
commercial CFD prograns produced by the Conputational Fluid
Dynam cs Research Corporation (CFDRC) were wused in the
construction of the nodel and anal ysis. The nodeling and
anal ysis was done on Mcron Pro Desktop conputer, wth a
400 MHz processor, 384 negabytes of RAM and a 12-gi gabyte

internal hard drive.



1. METHODOLOGY AND FORMULATI ON

A MODEL GEQOVETRY

1. Gid Formation

The nodel was constructed to represent a fire hose
wth a jet stream of water exiting parallel to the flight
deck. The nodel represents a small volune of area near the
nozzle exit. The three-di nensional volune consists of the
pipe, with a total length of 27.559-in (0.7-m, protruding
into a box with a total length of 39.37-in (1.0-m. The
pi pe protrudes into the box a length of 7.874-in (0.2-m.
The plan view of the volune without the grid is shown in
Figure 1. The plan view of the volume with the grid is
shown in Figure 2. Images of the volume fromthe side view

can be found in Appendi x A



2T.55%In) [0.T{m}]
Pipe Length

I8 3T{inp [1{m}]
Model Length

2T.55%in
Maodel Width

Figure 1. Plan View wi thout Gid.



T.55%n) [0.T{mi}]
FPipe Length

393 [Him}]
Model Length

2T.55%{in) [0.T{m}]
Maodel Width

Figure 2. Plan Viewwth Gid.

The grid spacing varies over the length of the volune
and finer grid spacing is in place closer to the nozzle

exit, which is necessary for the solver to resolve a

sol uti on. The grid spacing increases wth increasing
di stance from the nozzle. The conplete volune contains
16, 044 cells.

The construction of the nodel began with a two-
di mensi onal cross section of the volume within CFD GEOM
The two-dinmensional cross section was then extruded to
create the three-dinensional volune. The conplete two-

di mensi onal cross section of the grid is shown in Figure 3.
9



The sides of the two-dinmensional shape are representative
of the flight deck, crosswind, and environment on the
t hr ee- di nensi onal  vol une. The sides are rounded to
maintain the grid shape except on the bottom which is

necessary to be flat as it represents the flight deck.

2T.55%0Ing [0.T{m}]
Model Height

2T.55%ing [0.T{im}]
Meodel Width

Fi gure 3. Two- Di mrensi onal Cross Section.

At the center of the cross section the one-inch nozzle
was construct ed. A smaller box with rounded sides within
the one-inch nozzle was constructed to prevent grid
def ormati on. Figure 4 is an image of the one-inch nozzle

with grid spacing.

10



Figure 4. 1 (in) Nozzle Gid Spacing.

The sane net hodol ogy was applied for creating the grid
formation for the two-inch and three-inch nozzles as well
as the volunes for the nodels with a tw and three inch
nozzle. The only difference between the nodels is the size
of the pipe and nozzle dianeter. | mmges of the grids for
t hese nozzles are located in Appendi x A

2. Boundary Conditions

The boundary conditions have been set on the volune to
simulate the environnent at the jet stream exit from the

nozzl e. The crosswind flows in the positive x-direction

11



across the flight deck. The wind velocity was set to
constant velocities of fifteen [7.716 (nis)] and thirty
[15.64 (m's)] knots for wvarious trials. The crossw nd

boundary is highlighted in red in Figure 5.

Figure 5. Crosswi nd Boundary in Red.

All of the other boundaries were set to a constant
envi ronmental pressure of 101325 (N nf). These boundari es

are highlighted in red in Figure 6.

12



Figure 6. Environnental Pressure Boundaries in Red.

3. Vol unme Conditions

The Volunme of Fluid Problem Type wunder transient
conditions was set wthin CFD-ACE. The volunme of fluid
representing the jet stream exiting the nozzle is water
with a constant density of 1000(kg/nf) and a constant
ki nematic viscosity of 1E-6 (nf/s). It is exiting the
nozzle into a volune of air with a constant density of
1.1614 (kg/n) and a constant dynamic viscosity of 1.846E-5
(nf/ s). Refer to Appendix B for sanple inputs to CFD ACE

fromTrial 1.

B. CALCULATI ONS

The analysis done on the nodels used flow rates of
125, 250, and 500 (GPM. The flow rates were then used to
calculate velocities for the jet stream at the nozzle exit.

These were the inputs used for CFD ACE Reynol ds nunbers
13



were also calculated for each of the flow rates. These
cal cul ations are summari zed in Table 1.
VD
pA U
V=vel ocity
memass fl ow rate
p=density
A=ar ea
D=Di anet er
pU=vi scosity
NOZZLE DIAMETER | NOZZLE DIAMETER AREA (ft°)
(in) (ft)
1 0.0833 0.0055
2 0.1667 0.0218
3 0.2500 0.0491
FLOW RATE (GPM)
125 | 250 | 500
FLOW RATE (ft’/s)
0.2785 0.5569 1.1139
NOZZLE
DIAMETER (in) VELOCITY (ft/s)
1 25.6565 51.3131 102.6261
2 6.4141 12.8283 25.6565
3 2.8507 5.7015 11.4029
NOZZLE
DIAMETER (in) VELOCITY (m/s) (1m/s)=(1ft/s)(0.3048)
1 7.8201 15.6402 31.2804
2 1.9550 3.9101 7.8201
3 0.8689 1.7378 3.4756
NOZZLE
DIAMETER (in) Reynolds Numbers
1 169510.3057 339020.6115 678041.223
2 84755.15287 169510.3057 339020.6115
3 56503.43525 113006.8705 226013.741
Tabl e 1. Jet Stream Vel ocity and Reynol ds Nunbers.

14



I'11. RESULTS

For each variable such as the velocity conponents and
pressure, residuals are calculated for each cell, weighted
by the cell volune, and then summed over the entire nodel
A residual reduction of five orders of nagnitude is desired
to ensure that solution convergence is achieved. [Ref. 11]
The velocity conponents in the first trial achieved a
residual reduction of six orders of nmagnitude and the
pressure variable achieved a residual reduction of five
orders of nmagnitude. Simlar residuals were achieved for
all subsequent trials in this study. The residuals
achieved for the first trial is depicted in Figure 7, and
is representative of the results for all the trials in this

st udy.

RESIDUALS: TRIAL 1

10

A
o

0.1 4

0.01 A
0.001 ~
0.0001 A
1E-05 A
1E-06 -
1E-07
1E-08 A
1E-09
1E-10 A
1E-11

S

—— W
- P

—a—V

Residual Value

Iterations

Figure 7. Residuals: Trial 1
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Trial 1 was tested for a 1 (in) nozzle with a flow
rate of 125 (GPM) in cross winds of 15 and 30 knots. The
anount of deflection of the jet stream due to a cross w nd
of 15 (kts) is displayed in the plan view of the volune of
fluid flow in Figure 8. A side and angled view are also
displayed in Figures 9 and 10 to obtain an inproved
vi sual i zation of the wind effects.

WIND

-

Figure 8. Plan View Trial 1, 15 (kts).
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The wind effects for 30 (kts) of wind are displayed in
the followi ng Figures 11, 12, and 13.

Fi gure 11. Plan View Trial 1, 30 (kts).

18



Figure 12. Side View Trial 1, 30 (kts).

Fi gure 13. Angled View Trial 1, 30 (kts).

19



Each of the flow rates 125 (GPM, 250 (GPM, and 500
(GPM were tested exiting from1l (in), 2 (in), and 3 (in)
nozzles with cross winds of 15 (kts) and 30 (kts). The
i mges displaying the resulting jet stream deflection due
to the wind effects for the remaining trials are located in

appendices C through J. They are sunmarized in Table 2.

Appendi x Trial Flow Rate (GPM) | Wnd Speed (kts) NOZZ(Iien)S' ze
C 2 125 15, 30 2
D 3 125 15, 30 3
E 4 250 15, 30 1
F 5 250 15, 30 2
G 6 250 15, 30 3
H 7 500 15, 30 1
| 8 500 15, 30 2
J 9 500 15, 30 3
Tabl e 2. Summary of Tri al s.

As is to be expected greater deflection and w nd
effects can be seen in the tests with higher w nd speeds

and | arger flow rates.
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| V. CONCLUSI ONS

The results from this study display the wind effects
on stream deflection at the fire hose nozzle exit. Fi el d-
testing needs to be perfornmed to validate the nodel

results.

The nodel i ng per f or med in this st udy is
conputationally intensive and each trial took from tw to
three days to evaluate the nean stream deflection near the
nozzle exit. Prediction of flow patterns and the avail abl e
volune of fire fighting agent at the end of the stream
woul d require expanding the nodel volune. ot ai ning nore
detailed spray patterns would require a finer nmesh within
the volunme. Both expanding the nodel volune and creating a
finer nmesh within the present nodel would significantly
increase the tinme and RAM necessary to obtain wvalid

results.

Based on the results of this study, conputational
fluid dynamcs is an effective nethod of determ ning w nd

effects on a fire hose stream
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V.  RECOVMENDATI ONS

The followi ng recormendati ons are made in continuation

of this study:

. Develop a nodel with a larger volune to obtain
the results of full stream flow and reach.

. Estimate the volune of fluid available at the end
of the stream

. Model fluids of different densities such as AFFF,

whi ch are used for firefighting.

. Model the effects of various w nd angles upon the
fire hose stream

. Vary the angle of the nozzle exit into the w nd
to possibly reduce wi nd effects.

. Develop a nodel with a finer nmesh to resolve nore
detailed flow patterns such as spray and
atom zati on.

The resulting information from the continuation of
this study will assist engineers and ship designhers to
predict the best location for fire hose nozzles and the
best techniques for reducing wind effects when conbating

fires.
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APPENDI X A. GRI D FORVATI ON

2 {in) . B
Hozzle Diameter Pl
v

Fi gure 14. 2 (in) Nozzle Gid Spacing
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3 {in)
Hozzle Diameter

Fi gure 15. 3 (in) Nozzle Gid Spacing
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27.55%in) [0.T{m}]
Pipe Length

27.55%in) [0.T{m}]
Maodel Height

39.37(in) [1{mi)]
Model Length

Fi gure 16. Side Vieww thout Gid

27.55%in) [.T{m}]
Pipe Length

2T.558in) [0.Tim}]
Model Height

Model Length

Fi gure 17. Side Viewwth Gid
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APPENDI X B. SAMPLE | NPUTS CFD- ACE (TRIAL 1)

PT: Modul es->Fl ow, Free Surface (VOF)
MO Shar ed- >
Si mul ati on Description->Titl e->Re=678041. 2230
Transi ent Conditions->
Ti me Dependence: Transient

Transient Tinme Step: Auto Tine Step, Start
Time: 0, End Tine: 10, Target
Target CFL: 0.2, M ninumdt: 0, Maxi mumdt: 1,
Initial dt:1E-6

Ti me Accuracy->Eul er (1%' Order)

Body Forces->Gavity->Gavity in Y-Direction:
Constant -9.81(m s? ->Ref. Density: User
Specify 1.16(kg/ n?)

Fl ow >Fl ow >Ref erence Pressure: 101325(N nf)
VC. Goup Fluid VCs->Activate Secondary Fl uid
Phys->Density: Constant 1.1614(kg/nt)
Fl ui d->Vi scosity: Constant(Dynam c) 1.846E-5(kg/ ms)

VOF- >Name: Water, Density: Constant 1000(kg/ nt),
Vi scosity: Constant (Kinematic) 1E-6(nf/s)

BC. Goup Qutlet->BC Setting Mde->CGener al
BC Type->Qut| et
Fl ow >FI ow >Subt ype- >Fi xed Pressure
G oup Pipe (Qutside Volune)-> BC Setting Mde->Cener al

BC Type->Wal |
35



VOF- >Fl uid Vol une Fraction->Fluid 1(Fraction=0)

Group Pipe(Protruding into Volune)->BC Setting
Mode- >Thi n Wl |

BC Type->Thi n WAl | - >Set
BC Setting Mde->Gener al
Goup Inlet Wnd-> BC Setting Mde->Gener al
BC Type->Inl et
Fl ow >FI ow >Subt ype- >Fi x Vel . (Normal)
Normal Vel ocity: Constant 7.716(ns)
VOF- >Fl ui d Vol une Fraction->Fluid 1(Fraction=0)
G oup Flight Deck->BC Setting Mde->Gener al
BC Type->Wal |
Goup Inlet Water->BC Setting Mde->Gener al
BC Type->Inl et
FI ow >Fl ow >Subt ype->Fi x Vel . (Normal)
Nor mal Vel ocity: Constant 31.2804(n s)
VOF- >Fl uid Vol une Fraction->Fluid 2(Fraction=1)
| C. I C Option->Constant->1C Applied: Volune by Vol une
Group Volune within Pipe->BC Setting Mde->Cener al
VOF->VOF->All Fluid 1
SC. Iter->Shared->Max. Iterations: 50
Sol ver s- >Vel oci t y- >CGS+Pr e: Sweeps=50, Criterion=0.0001
P Correction->AMG Sweeps=50, Criterion=0.1

Rel ax->l nertial Rel axati on->Vel ocities: 0.2,

Li near Rel axati on->Pressure: 0.9

36



Adv->VOF- >Acti vat e Renove Fl ot sam and Jet sam >Renoval

Frequency: 1

QUT: Qut put - >Qut put Frequency->Constant Time Step->Starting
Ti mestep: 0, Ending Tinmestep: 10000000,
Ti mestep Frequency: 20

Print->Activate Mass Fl ux Sunmary
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APPENDI X C. TRIAL 2

WIND

-

Fi gure 18. Plan View. Trial 2, 15 (kts).
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Figure 21. Plan View. Trial 2, 30 (kts).
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APPENDI X D. TRIAL 3

WIND

-

Fi gure 24. Plan View. Trial 3, 15 (kts).
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Fi gure 27. Plan View. Trial 3, 30 (kts).
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APPENDI X E. TRIAL 4

Fi gure 30. Plan View. Trial 4, 15 (kts).
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Fi gure 31. Side View Trial 4, 15 (kts).

N /““
WIND - . |

Fi gure 32. Angled View Trial 4, 15 (kts).
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Fi gure 33. Plan View. Trial 4, 30 (kts).
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Fi gure 34. Side View Trial 4, 30 (kts).

N

Fi gure 35. Angled View Trial 4, 30 (kts).
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APPENDI X F. TRIAL 5

Fi gure 36. Plan View. Trial 5, 15 (kts).
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Fi gure 37. Side View Trial 5, 15 (kts).

WIND

Fi gure 38. Angled View Trial 5, 15 (kts).
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Fi gure 39. Plan View. Trial 5, 30 (kts).
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Fi gure 40. Side View Trial 5, 30 (kts).
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Figure 41. Angled View Trial 5, 30 (kts).
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APPENDI X G TRIAL 6

Fi gure 42. Plan View Trial 6, 15 (kts).
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Fi gure 43. Side View Trial 6, 15 (kts).

WIND

Fi gure 44. Angled View Trial 6, 15 (kts).
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Fi gure 45. Plan View Trial 6, 30 (kts).
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Fi gure 46. Side View Trial 6, 30 (kts).

WIND

Fi gure 47. Angled View Trial 6, 30 (kts).
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APPENDI X H.  TRIAL 7

WIND

|";’_

Fi gure 48. Plan View. Trial 7, 15 (kts).
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Fi gure 49. Side View Trial 7, 15 (kts).

WIND

Fi gure 50. Angled View Trial 7, 15 (kts).
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Fi gure 51. Plan View Trial 7, 30 (kts).
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Fi gure 52. Side View Trial 7, 30 (kts).

WIND

Fi gure 53. Angled View Trial 7, 30 (kts).
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APPENDI X | . TRIAL 8

WIND
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Fi gure 54. Plan View Trial 8, 15 (kts).
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Fi gure 55. Side View Trial 8, 15 (kts).

WIND

Fi gure 56. Angled View Trial 8, 15 (kts).
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Fi gure 57. Plan View Trial 8, 30 (kts).
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Fi gure 58. Side View Trial 8, 30 (kts).

WIND

Fi gure 59. Angled View Trial 8, 30 (kts).
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APPENDI X J. TRIAL 9

WIND

-

Fi gure 60. Plan View Trial 9, 15 (kts).

67



Figure 61. Side View Trial 9, 15 (kts).

WIND

Fi gure 62. Angled View Trial 9, 15 (kts).
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Fi gure 63. Plan View. Trial 9, 30 (kts).
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Fi gure 64. Side View Trial 9, 30 (kts).

WIND

Fi gure 65. Angled View Trial 9, 30 (kts).
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