Houston, we've had a problem": NEW ATLAS

The story of NASA's most successful failure.

Fifty years ago, and just seven months after Apollo 11, the third manned lunar landing attempt
was already seen as routine, even boring, but in a little over two days, the Apollo 13 mission
would become one of the most remarkable stories of survival, courage, and luck in history.

The Apollo 13 service module showing explosion damage.

On April 11, 1970, at 19:13 GMT, Apollo 13 lifted off from Launch Complex 39A at the Kennedy
Space Centre in Florida. Atop the giant Saturn V booster sat Command Module 109 and Service
Module 109, which together formed CSM-109 (otherwise known as Odyssey), and the lunar
module (LM) Aquarius. In the couches of the command module were mission commander James
A. Lovell, Jr., age 42, a US Navy captain on his third space mission and his second visit to the
Moon. Next to him was command module pilot John L. "Jack" Swigert, Jr., 38, a space rookie
who was a last-minute replacement for astronaut Ken Mattingly, who was scrubbed after being
exposed to the measles. On the other side of Lovell was lunar module pilot Fred W. Haise, Jr.,
35, on his first and only spaceflight.
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This was to be the most ambitious Apollo mission to date. Building on the lessons learned from
Apollo 12, it was to make a precise landing on the Moon in the highlands of the Fra Mauro region,
farther north from the equator than Apollo 11 or 12, meaning that both the Saturn V booster and
the lunar module carried more fuel than any other mission.

But another thing that marked the mission was a sense of complacency, even apathy. If the
Apollo missions now seemed routine to the men and women of NASA, the public was downright
indifferent. They'd been sold Apollo as a great adventure and they were getting bored with the
repeats of the same plot. It was a sentiment shared by the US Congress. NASA's budget had
been going down ever since the main work on Apollo was completed in 1964, but now Apollo 20
was cancelled and the trimming looked set to go much deeper.

This complacency wouldn't have lasted long if NASA knew Apollo 13 had a bomb on board. It
wasn't the work of terrorists or enemy saboteurs but the result of the kind of oversight that can
occur in any super-complex endeavour. In fact, it was a credit to NASA that such errors didn't
happen more often. However, this time, the oversight was nearly fatal.
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Behind the conical command module that acted as a home for the Apollo astronauts is the service
module. This cylindrical assembly with a bell-like cone at one end contained the main engine and
supplied Odyssey with oxygen, water, electricity, and long-range communications with Earth.
Inside the service module was a bay holding a number of systems, including two liquid oxygen
tanks that were the primary source of oxygen for the command module. Also in the bay were a
tank of liquid hydrogen and three fuel cells. The hydrogen and oxygen feeding into the fuel cells
provided Odyssey with power and water. There was a history to one of these units. The No. 2
oxygen tank had been previously installed in the service module of Apollo 10 but was then taken
out for modification, during which it was damaged and then sent back to the factory for repairs.
It was then installed in the Apollo 13 service module.

Like all NASA flight gear, the No. 2 tank was tested and retested even after installation. On March
16, 1970, the tank suddenly developed a fault. It wouldn't drain properly. It was finally decided to
run the tank's electrical heater to boil the oxygen. This didn't resolve the problem entirely, but
because the oxygen tanks didn't need to drain in space and due to time constraints, No. 2 was
cleared for flight.
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Apollo 13 astronauts rehearsing a lunar EVA

However, the heaters had been upgraded so that they could operate at 68 volts instead of the
previous 28 volts, but the thermostatic switches that controlled the heaters weren't changed. As
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a result, during the final test, the switches welded shut and the wiring was frayed. Another
problem was the use of aluminium components and Teflon insulation, both of which burn in pure
oxygen.

To put it more simply, No. 2 tank was now a bomb waiting to detonate.

There was no sign of any trouble as Apollo 13 lifted off from the pad. The weather was good and
the only difference from previous Saturn V launches was that it cleared the tower a bit slower
because of the extra fuel it carried. When the second stage fired, the centre of the five engines
started to go into severe pogo operations and shut down. The other four engines throttled up to
compensate and Mission Control and the crew thought that the mission had passed its one major
glitch.

Once the S-IVB third stage
separated and fired for the first
time, Apollo 13 settled into an
orbit 120 mi (193 km) above
the Earth. Two hours later, the
rocket fired its engine again
and the astronauts were on
their way to the Moon.

Apollo 13 lifting off.

The CSM Odyssey then
separated from the S-IVB,
Swigert turned the craft
around, docked with the lunar
module Aquarius and eased it
out. With a slight course
correction, Apollo 13 was on a
trajectory to circle the Moon,
while the S-IVB went on a
collision course with the lunar
surface where it would impact
three days later, an event that
would be recorded by the
seismograph left behind by
Apollo 12.

"Houston, we've had a problem”

Everything was relaxed for the first two days of the mission. At 55 hours into the flight, Lovell
used the command module's television camera to provide the audience back on Earth with a tour
of Odyssey and Aquarius. Unfortunately, since none of the US networks carried the broadcast,
the audience was reduced to Mission Control and a few of the astronauts' relatives.

At hour 56, 210,000 mi (330,000 km) from Earth, after completing the broadcast, NASA gave the
men a few minutes to recover before they went back to work, with Lovell stowing the camera and
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Haise testing and shutting down the lunar
module's systems. Meanwhile, Swigert was
carrying out routine maintenance tests on
the service module's oxygen tanks to track
down a sensor malfunction.

The Apollo 13 service module
after separation

Back at Mission Control in Houston, the
Electrical, Environmental, and
Communication  officer (EECOM) Sy
Liebergot asked Swigert to activate the fans
to stir the liquid oxygen in No.2 tank, so it
wouldn't settle into layers. 95 seconds later,
things went wrong. There was a short circuit
in the heater in tank No. 2, which started a fire. Pressure increased suddenly as the oxygen
flashed into a gas and the tank's structure gave way with explosive force.

Though an entire panel fore and aft on the service module was blasted away and there was
extensive damage, the first clue the astronauts had that something was wrong was a loud bang.
At the same time, telemetry with Earth went out for 1.8 seconds, the power readings on the
instrument panel started fluctuating and the spacecraft was jolting as the automatic pilot kept
firing the attitude control thrusters to compensate against some unknown force.
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Mission Control in Houston.



https://newatlas.com/space/apollo-13-50th-anniversary/#gallery:4
https://newatlas.com/space/apollo-13-50th-anniversary/#gallery:13

Twenty-six seconds after the bang, Swigert called back to mission control, "Okay, Houston, we've
had a problem here." Lovell then repeated and elaborated. "Houston, we've had a problem.
We've had a Main B Bus undervolt."

The initial fear was that Odyssey or Aquarius had been hit by a meteorite and that one or both of
the crew modules had been holed, but there was no evidence of a serious loss of pressure. The
Main Bus B undervolt fault indicated that the service module's three fuel cells were
malfunctioning. Then Bus A started losing power and two of the fuel cells were fading, with both
dead in under half an hour. The more Mission Control and the astronauts checked, the worse
things looked. Oxygen tank No. 2 had zero pressure and No. 1 was leaking fast. Also, the
computer had reset and was running a fault check, while the high gain antenna had switched to
a secondary mode.
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Back on Earth, Liebergot couldn't believe what he was seeing on his panel. The service module
was designed with multiple redundancies and constructed out of components that didn't need
maintenance in flight, but he saw numerous systems failures of the sort that one only saw in
simulators when the operator wanted to make sure the astronauts were paying attention.

Apollo 13 in flight configuration

At first, Liebergot thought that it had to be an instrument failure, but Lovell reported that he could
see debris outside the ship and an expanding cloud of gas. It was this that was pushing on
Odyssey and against which the autopilot was fighting. Worse, No. 1 tank was leaking fast and
when it went, the service module would start sucking oxygen from the command module's tiny
reserve surge tank.
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Lead Flight Director Gene Kranz, who had such high authority at Mission Control that the only
way to veto his decisions was to fire him, ordered the command module surge tank sealed off,
but the rapidly depleted tank No. 1 would only keep the remaining fuel cell going for about two
hours. After that, the only power would be from the command module batteries, which were only
meant to last a few hours.

It was obvious that the Odyssey was a dying ship and that the lunar landing was scrubbed. The
most obvious next step was to preserve what was left in the command module's batteries by
powering down its systems, literally turning it off. This was something that had never been done
on a mission before and the engineers weren't sure how to turn it back on again for the return to
Earth. This raised two more obvious questions: How to get back to Earth and how to keep the
three men alive during the trip.

Post-flight test shows how the oxygen tank explosion blew off the service module's bay panel

The answer to the second question was to use the lunar module as a lifeboat, a scenario that
had already been considered as an emergency measure for Apollo 10, 11, and 12. It was
possible. The LM was intact, had plenty of oxygen in its life support systems, engines, and
spacesuit backpacks, but the LM was only designed to support two men for 45 hours. Now it had
to keep three alive for four days.
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One limiting factor was power. Instead of fuel cells, the LM used silver-oxide/zinc batteries with
only 2,181 Ah capacity. Some of this was needed to keep the command module's batteries
charged, so everything not absolutely essential on the LM was shut down and energy
consumption kept below 20 percent.

It would be a very cold, dark journey home.

Water was another problem. It was not only required to keep the astronauts alive, but it was also
used to cool the LM's systems. The crew was rationed to six ounces (177 ml) each a day and
instructed to only eat wet-packed foods. Even then, the spacecraft would run out of water five
hours before re-entry, but experience on Apollo 11 indicated that the LM could continue to
function for that long without it.

The lunar module Aquarius

Under normal circumstances, the way to get Apollo 13 back to Earth would have been using a
direct abort trajectory, which would have involved firing the service module's main engine to place
the spacecraft in a truncated orbit home. This would have been the fastest way, but Kranz vetoed
this because no one knew how badly damaged the engine was. The alternative was to carry on,
loop around the Moon and swing back to earth, using the attitude control rockets for any course
corrections. Had this been one of the earlier Apollo missions, such a free return orbit would have
needed little more than sitting back and letting gravity do the work.
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But that wasn't possible for Apollo 13 because its goal of
landing in the lunar highlands put it in a hybrid orbit, a
variation of the free return orbit, except that it needed an D
engine burn to make actual re-entry on reaching Earth, :
otherwise, the craft would simply have swung back into deep
space. Since the service module was unavailable, this left the
crew with only the less powerful descent stage engines on :
the LM. Before shutting down the command module, Lovell T <
wrote down the guidance readouts regarding the spacecraft's 23
orientation and did the calculations (without a calculator but e
with Mission Control checking his sums) needed to feed the
data into the LM's guidance system, however, making the necessary manoeuvres using the LM
required both Lovell and Haise at the controls and a lot of learning by doing.

There was also the question of whether to jettison the service module. This would have meant
less weight for the lunar module's engine to push and cut the return trip by 36 hours.
Unfortunately, this would have meant exposing the Command Module's phenol resin heat shield
to the cold of space and the engineers weren't sure what damage this would do, so the service
module stayed.

The Earth as seen from Apollo 13

A 34-second burn with the LM's engine put the craft back on a free return trajectory but more
burns would be needed if the command module was to land on Earth where it could be recovered
safely. This meant one of three options: The Indian Ocean, where the US had few recovery units;
the South Atlantic Ocean, where the same problem arose; and the South Pacific, where a
recovery fleet was already steaming.
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In the end, NASA opted to make another engine burn two hours after Apollo 13 passed its closest
point to the Moon and 73 hours, 46 minutes into the flight. This would shorten the return by 12
hours and put the command module in the Pacific. This second four-minute burn was difficult
enough, but with all the debris floating around it wasn't possible to orient the spacecraft using the
stars, as was standard procedure, so the crew lined up using the Sun and the Moon, again, using
the LM's guidance system. This brought them to within a half a degree of the desired angle.

There was still much to do on the way back to Earth, but a more immediate problem was the
men's own breath, which was pumping carbon dioxide into the confined space of the LM. At first,
this wasn't a threat because there were lithium hydroxide canisters that scrubbed the CO2 from
the air, however, these were meant for two men for 45 hours and within 36 hours after moving
into the LM, the atmosphere warning light came on. The air in Aquarius was turning deadly and,

The "mailbox" adapter installed
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In an ideal world, this would have been an easy fix. The command module also had scrubber
canisters, more than enough for the trip home. Why not just move them over and plug them in?
The crew couldn't because the canisters aboard Aquarius were round and the ones from Odyssey
were square. Like a bad joke, the round holes of Aquarius' life support system wouldn't accept
Odyssey's square pegs. Like those school exercises where students are given a bag of items
and are told to build a crane or a hovercraft, NASA engineers had to as quickly as possible figure
out how to build an adapter using materials known to be on the spacecraft, write up clear and
detailed instructions on how to assemble it, and relay this to the astronauts.

According to Apollo astronaut Ken Mattingly, the solution was from a simulator exercise for
training the Apollo 8 mission crew, where a similar emergency was solved by blowing air through
a canister using the spacecraft's vacuum cleaner hose.

They soon came up with a contraption called the "mailbox," which was made from plastic, covers
from procedure manuals, vent hoses, and other bits and pieces, all held together with duct tape.
Just reading the procedures over the radio took an hour.

Once the burns were completed, all but the most essential lunar module systems were shut down.
This helped to conserve precious resources, but it also made the spacecraft a miserable place
to be as both the command module and the LM went dark and dropped to the temperature of a
refrigerator, reaching as low as 3 °C (38 °F). There were the spacesuits, but their non-porous
rubberized construction would have made the astronauts unbearably hot and sweat too much.
Since they had only their flight suits, Lovell and Haise put on their EVA boots, while Swigert wore
an extra coverall. Swigert was especially uncomfortable because his feet were wet after a spill
while filling bags with drinking water.




As if to add insult to injury, the crew couldn't even dump their urine overboard for fear of altering
the spacecraft's trajectory, so more plastic bags were used for storing the waste. The cold also
caused the moisture in the air to condense on the bulkheads and behind the equipment panels
in both the CM and the LM. Fortunately, the electronics were all well-insulated, but it was still like
living in a leaky tin shed during a winter rainstorm.

Using the Earth's terminator line between day and night as a target, the LM made two more
course corrections, which was tricky because the LM's computer had been shut down to conserve
power. About half an hour later, the service module was jettisoned by firing the explosive bolts
that secured it to the command module. As it drifted away, the astronauts could see the damage
caused by the explosion, including to the main engine, showing that the decision to not use it
was justified.

However, they were not home free. Powering up the command module was hard enough, the
protocols having been worked out in only three days, but without the reaction thrusters on the
service module, the LM couldn't be jettisoned because the command module couldn't move
away. This was solved by closing the hatches between Aquarius and Odyssey, leaving the air in
the trunk instead of depressurizing. As the clamps were released, the air pushed the two craft
apart as it escaped.

As Odyssey entered the Earth's atmosphere, the build-up of hot, ionized plasma around the
capsule caused a radio blackout. If you saw the film Apollo 13, you may remember the tense
scene as Mission Control waited anxiously to re-establish radio contact. This wasn't just a bit of
Hollywood suspense building. The four-minute blackout stretched to six minutes, raising the fear
that the heat shield had failed. Fortunately, it did work, though exactly why the blackout was so
long is still not entirely explained.

Apollo 13 being recovered after splashdown
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On April 17, 1970, at 18:07 GMT, Odyssey splashed down in the South Pacific Ocean and was
recovered by the aircraft carrier USS Iwo Jima. The mission lasted five days, 22 hours, 54
minutes, and 41 seconds.

The astronauts were in good condition despite being dehydrated and losing 50 percent more
weight than any other space crew, though Haisse did have a serious urinary tract infection due
to his lack of water.
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The Apollo 13 crew were in reasonable condition despite their ordeal

When the crew of Apollo 13 stepped onto the deck of the Iwo Jima, they were unaware that the
whole world had been following their ordeal in numbers not seen since Apollo 11. "Nobody
believes me, but during this six-day odyssey we had no idea what an impression Apollo 13 made
on the people of Earth,” said Lovell. "We never dreamed a billion people were following us on
television and radio and reading about us in banner headlines of every newspaper published.
We still missed the point onboard the carrier lwo Jima, which picked us up, because the sailors
had been as remote from the media as we were. Only when we reached Honolulu did we
comprehend our impact, there we found President Nixon and [NASA Administrator] Dr. Paine to
meet us, along with my wife Marilyn, Fred's wife Mary, and bachelor Jack's parents, in lieu of his
usual airline stewardesses."
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So what really got Apollo 13 home when the odds were so stacked against them? Certainly,
courage played a part. All three men were test pilots and reacted like test pilots. Knowing that
panic would do nothing other than waste precious time, they concentrated on the job at hand.
Training was also important, as was innovation, as was the combination of relentless training
combined with quick, expert thinking from the team on the ground.

The crew of Apollo 13 with Prsidgnt Richard Nixon

But a later NASA report showed that luck had its part to play as well. This isn't to diminish the
part played by the astronauts, NASA, or the contractors, because luck favours the prepared.

For one thing, it was fortunate that Gene Kranz and Glynn Lunny, the most experienced flight
directors, were present when the accident happened. It was also good fortune that the LM had
extra fuel aboard for the course corrections. In addition, APOLLO CSM OXYOEN TANK

Lovell had extensive carrier landing experience, allowing g

him to adapt quickly to the spacecraft's counterintuitive =
gyrations. There was also the timing of the accident. If the
explosion had occurred while the Odyssey was undocked
from Aquarius, the crew would have been without their
lifeboat and the engine needed to return to Earth.

The improved oxygen tank
used on Apollo 14 and later missions
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Then there was the high-gain antenna surviving the explosion despite being damaged. This
meant less than two seconds of vital data was lost. The timing of the explosion coming just after
the television broadcast meant that some of the LM's systems were powered up, SO emergency
power wasn't needed to turn the spacecraft on. The broadcast also meant that the crew was not
sleeping as scheduled, so they were already alert and active when the accident happened.
Even tragedy helped. The Apollo 1 fire in 1967 led to improvements in CM design, such as a
better caution and warning system, and there were extensive electrical insulation improvements,
protecting the systems against water damage.

In the short term, Apollo 13 was the mission that NASA wanted to forget. Despite the daring
rescue, it was like Dunkirk — a successful defeat. The space agency played down the event. The
command module was gutted as part of the accident investigation and the capsule itself was
unceremoniously carted off to the Musée de l'air et de I'espace in Paris, though it has since been,
put back together, and is on display at the Cosmosphere in Hutchinson, Kansas.

But the years have a way of changing things. In the past half-century, the legend of Apollo 13
has grown. Many lessons were learned from the harrowing adventure that were used to improve
the design of later spacecraft and how they were operated. The story became the stuff of a
number of best-selling books, two television plays, a feature film, and many documentaries. It's
a story that continues to inform and inspire.

Click HERE to see additional pics of the mission.

‘Lunar module to Houston—We have a problem here...’
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100 years since the very first flight ALUNNI magazine
from Sydney to Melbourne

This story appeared in the May 2020 edition of the Air Cadets Alumni Magazine.

Flying has changed a lot over the past 100 years, though at no time has change been so
enormous and devastating than in the last three months.

As travel grinds to a complete halt and airlines here and abroad struggle to stay afloat, Sydney
Airport has quietly paid tribute to a milestone that harks back to simpler and more hopeful times
for Australia’s aviation industry. 14 April 2020 marked 100 years since the very first flight from
Sydney to Melbourne, which took off from Mascot Aerodrome, later to become Sydney Airport,
with a single passenger on board.

The plane was piloted by pioneer aviator Nigel Love, who sold joy flights and charters on his Avro
504K around Sydney. His only passenger on the April 14, 1920 flight was a wealthy businessman
named John Gibson, who was keen to fly to Melbourne. Poor weather marred the journey and
the plane eventually landed in Melbourne two days later at the huge cost of £25 an hour.

“While we face the current pandemic, let’'s not forget we’ve come a long way since Nigel Love
first flew this plane in 1920,” Sydney Airport said in a bittersweet tweet recently. “When the time
is right, we look forward to welcoming everyone back to SYD.”

Sydney Airport marked its own centenary this year, while Qantas will hit its 100th anniversary on
November 16. The coronavirus crisis has forced Qantas to suspend its international services and
dramatically slash its domestic services by 90 per cent as lockdowns and travel bans end all non-
essential travel.
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World War | pilot Nigel Love’s hangar at Sydney Airport.

Wind Tunnels in the AAFC

The aerospace environment has undergone a substantial transformation since the human race
managed to achieve heavier than air flight. Before undertaking such an enterprise, it was deemed
prudent to understand what will happen to that design once it is sent airborne. Testing of
aerospace vehicles and aerospace products has been undertaken since the earliest manned
flights with the use of Wind Tunnels. Indeed, the first documented use of a wind tunnel to test the
flight characteristics of an aerospace vehicle was by the Wright Brothers in 1903.

Since that time, testing an aerospace article in the —
controlled environment of a Wind Tunnel has become —_——-—————_
standard procedure within the aerospace industry. So
much so, that the principle has been adopted by the
car industry, golf and tennis ball manufacturers,
professional cyclists, etc, in an attempt to achieve
minimum drag and thus extract maximum
performance. Wind tunnels enable the aerospace
industry to test aerospace vehicles in a safe and more
cost-effective environment, where the loss of the test
article would not expose people to unnecessary risks. Therefore, Wind Tunnels provide
opportunities to test products to improve product safety, efficiency and reduce commercial cost.

Wind Tunnels around the world are designed to deliver specific test environments. There are
Subsonic, Supersonic and Hypersonic Tunnels. They can be constructed as a Vertical or
Horizontal facility. There are also Aqua-Dynamic Tunnels, which use water as the mass flow
media to deliver similar outcomes at slower mass flow velocities. Aqua-Dynamic Tunnels are
often used to test acoustic vibration on aerospace products. Some of the products may consider
the cavity performance of an open undercarriage bay when an aircraft takes off or lands. Other
examples are bomb bays and cargo/parachute doors. All of which need to be tested in a
controlled environment to understand fatigue to determine the Margin of Safety or Failure Mode
of a product.
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In an attempt to demonstrate the value of a wind tunnel to AAFC cadets, Nos 315 and 327 SQNs
in Canberra have both constructed and used a Wind Tunnel of rudimentary design to place an
aerospace article under test and to analyse the results in a classroom environment. In the first
instance, cadets constructed a wind Q

tunnel out of cardboard boxes, a three-
speed desk-top fan and an aerofoil.

The Wind Tunnel is made up of a range
of parts. Firstly, wind generation is
critical to the tunnel’s performance to
deliver enough wind to complete the test
undertaken. In this case, they used a
three- speed desk-top fan to deliver
three separate wind velocities. Whilst
the fan delivered sufficient wind for their
purposes, a Contraction Cone was used
to increase the velocity of the air to
deliver more credible results. A Contraction Cone reduces the intake dlmenS|ons between the
fan and the test article (and thus the volume of the tunnel) to increase the mass flow of the air,
providing an artificial increase in velocity in the test section. The next component is the Settling
Chamber to straighten the turbulent air coming off the fan so that it delivers a more controlled
result over the test article. They used cardboard wrapping paper inserts to do this. The next
section is the Test Section, where all the action happens. Finally, if required, the exhaust may
have a Diffuser to reduce the velocity and mass flow of air leaving the Wind Tunnel. Their tunnels
were low velocity and thus did not require a Diffuser.

The fundamental principle behind the test was to demonstrate what happened to the product
under test and then to prove it through the application of physics. The program delivered three
tests, firstly a wing mounted on a hinge
to test lift characteristics across a range
of Angles of Attack and wind velocities,
secondly by using smoke to
demonstrate boundary layer
performance over the wing at variable
Angles of Attack, and thirdly by tufting a
wing to demonstrate what happens to
the Boundary Layer as the Angle of
Attack changes.

The 315SQN AAFC Wind Tunnel
set up with a smoke generator.

The following photographs demonstrate
how cadets managed the construction,
implementation, test and analysis of the
data to test their aerospace products.
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The same tunnel showing smoke in the Test
Section going over the wing
whilst the Angle of Attack is adjusted.

In the test below you can see the tunnel
with the variable Angle of Attack test
Article. The Test Article is placed upon a
digital kitchen scale to measure the
change in weight as the airflow travels
over the wing through three airspeeds to
generate lift. The digital scale is then
zeroed. The various Angles of Attack are tested at the three wind velocities and transcribed into
a Matrix on the Whiteboard. The critical element here is to ensure the test article does not contact
the tunnel, as this will introduce interference to the result.
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The various Angles of Attack are tested at the three wind velocities
and transcribed into a Matrix on the Whiteboard.

Test Matrix and Graph

The test figures are then plotted on to a two-axis graph covering Angle of Attack on the bottom
and Coefficient of Lift on the top to identify the result. The result demonstrated some flaws in the
test design, where the test article tended to exhibit speed brake properties at high angles of
attack, causing the result to be skewed. However, the result could be interpreted effectively as
the Angle of Attack exceeded 15 degrees, where the numbers demonstrate a change in
Coefficient of Lift output.
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No 327SQN AAFC cadets with their Wind Tunnel.

On the top of the tunnel can be seen the Tufted Wing, which was manually rotated to vary the
Angle of Attack whilst under test, demonstrating Boundary Layer Turbulence and Separation
‘walking up’ the wing from the trailing edge as the Angle of Attack is increased.

The results of the Wind Tunnel program clearly demonstrated to junior cadets how the Theory of
Flight can be proven and why it is important to use a Wind Tunnel in the design, manufacture
and management of aerospace vehicles and products. Most importantly, all cadets thoroughly
enjoyed the experience, as it delivered a practical application to the classroom.

Wind tunnel employee.




