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“There are a lot of things you can attempt in life where on-the-job- training is considered beneficial.

Low-level aerobatic demonstration flying is best considered NOT one of these endeavors.”

Dudley Henriques 

(To a pre-show pilots safety meeting during the Reading Air Show in 1971)

I’ve just finished taking a long look at Cloud 9’s new Aermacchi MB339 PAN jet trainer for FS2004. It’s a brilliantly programmed new military add on for the simulator community.  

In this tutorial I’ll of course be telling you about this great new addition to the FS9 military aircraft stable, but I’d like to do something different with you this time around if I may. 

Realizing that those of you who enjoy flying war birds in FS9 might also be the types who enjoy a good challenge, I’d like to set up something for you to try for yourselves after we’ve done it together in this tutorial. 

I’d like to explain to you a bit of what it’s like to display a war bird doing an air show display in real life and show you in the process how to fly an air show routine in MSFS, doing it in the simulator with you exactly as I would have displayed a war bird at a real air show. 

I’ll set up a display flight for you in the simulator and through explanation as we fly a demonstration together digitally, we’ll explore the world of low-level display flying. We’ll do everything exactly as we would have to do it in real life as a complete and demanding uninterrupted exercise beginning with power up on the runway and ending with engine shutdown after we do the display. 

You can then if you like, fly the entire event (after reading the tutorial of course ( while trying of course not to commit an unrecoverable error. 

In other words, after reading and studying this tutorial, you should be able to fly the display correctly and safely in the simulator yourselves without blowing the routine or bending the airplane. 

The parameters we’ll be using will be approximately the same that I would be using in a real life display and any serious mistake could result in a crash, just as it would in the real world of display flying.

I’ll do my best in this tutorial to give you some insight into what you need to know to “survive” in the world of air show aerobatic flying at low altitude. I hope you will find the tutorial interesting and the challenge of flying a complete and correct display in a high performance airplane in the simulator as challenging as I found the experience in real life throughout my career in aviation. 

Some initial thoughts

Low-level aerobatic display flying in high performance military airplanes is a venue in aviation that few people ever get to experience first hand. It’s an extremely demanding environment that requires highly specialized skills and experience. What a pilot is faced with once a display routine is initiated at power up on the runway is a continuous and constantly changing dynamic that has both the airplane and the pilot flying it performing deeply into their respective performance envelopes. This has to be done without exceeding the performance parameters of either aircraft or pilot. It’s a difficult and demanding world, where one moment’s hesitation or miscalculation can lead instantly into an error that can’t be corrected. 

Conversely, a low altitude aerobatic routine flown correctly and ended safely is the ultimate experience for those pilots engaged in this highly specialized venue.

About display flying in general

You don’t just jump into a high performance airplane and go demonstrate it to a crowd doing acro at low altitude. You don’t do this in real life, and even in MSFS you have a better chance of completing a display if you bone up on a few things first.( 

Before we climb into the MB339 in the simulator and display it, let’s take a quick look at what we would have to be doing in real life.

First we have to check with the powers that be (in the U.S. where we’ll be flying for the purpose of this tutorial, that would be the FAA) and make sure everything’s in order. There are LOA’s (Letters of Authorization) to consider, regulations to study, paperwork to fill out, and waivers to check. Since you’re going to be climbing into the MB339 with me for this display, I’m sure you’re interested in having all this in the right order (
Our display location

The airport I’ve picked for our short display flight in the simulator is KILG (New Castle County Airport). 

The display will be performed using runway 9/27 with egress off our show line after each pass by a right 45 degree turn followed by a 180 then 45 degree hard left turn ingress back into the show line for our next maneuver. 

Let me paint a picture of this scenario for you exactly the way I would do it for a real display if I were flying one at this airport.

If you like, at this point you can pause and download an airport diagram for KILG and look at it, or simply draw a long thin rectangle-representing runway 9/27 on a piece of paper. Put the numbers 9 and 27 on the runway. 

Now take a good look at the numbers on either end of the runway. These numbers are our key show reference points. All flat rolling maneuvers during the demonstration will be performed between these numbers using the far number as the exit point for a left turn reversal to follow, and all vertical maneuvers will be initiated after over flying the runway to reach the far end number which will be the entry point for the vertical pull.

About those turn-a-rounds; and what is a maneuver transition?

 Now, let’s talk a bit about maneuvering transitions. This is the time and spacing between our actual display maneuvers. 

A maneuvering transition during a display is critical to both the continuity of the display and safety issues pertinent to the display. From the point of view of the display pilot, the time between maneuvers is critical to the overall continuity and quality of the display. If too much time and space is wasted between maneuvers, interest in the display is lost, and crowd attention can be diverted, which makes for a poor performance. 

On the other hand, the aircraft is operating in real time and can’t stop to reposition instantly, so a trade off must be made that allows the display pilot maximum continuous performance close in to the field while repositioning away from the crowd, while at the same time allowing the pilot to keep the airplane within regulations and safety parameters.

In our case, we are allowed no aerobatic maneuver during over flight of congested areas near the airport, but we are allowed to fly the aircraft deep into it’s high end performance envelope if we don’t bust the regs. 

This means in our case, that we have to transition the MB339 non aerobatically between display maneuvers by keeping the airplane in close over the congested areas near the field, and at the same time fly these transitions managing our maneuvering energy (Ps)

either bleeding it, building it, or maintaining it to suit our exact real time conditions considering our proximity from and to the show line and the entering parameters needed for the next maneuver in the display sequence.

Air show turn a rounds (unless vertical) are very much like a procedure turn, but done at much higher airspeed and energy levels. To picture these turn a rounds at each end of the runway, draw a pencil line the full length of the runway going through each number on each end of the runway. This line will be a centerline, cutting the runway exactly in half lengthwise. Now, using each number as a starting point, draw a line exactly 45 degrees to the right extending outward from the center of each number. That line is our exit line after each maneuver. Coming off a runway 27 pass (heading 270 degrees on the pass) and initiating the exit over the 9 with a 45 right at the far end, we find we have an exit heading of 315 degrees. Coming off a runway 9 pass (the opposite way this time…090 degrees on the pass) and initiating a right turn 45-degree exit over the 27 we find we have an exit heading of 135 degrees.  You with me so far? 

We’re using the runway numbers as our exit points and breaking sharply 45 degrees to the right after each pass over the far end number and using that 45 degree heading outbound as a setup for a 180 degree turn reversal to the left that will put us inbound to the show line again with the runway just 45 degrees off to our left; that last 45 degrees to be used to turn in and line up for the next pass.

Now comes the hard part. It will be hard in the simulator just as it’s hard in real life. The HARD question is this!! Exactly where do you initiate that 180-degree turn to the left after breaking into the initial 45 degree outbound heading that will bring you back in toward the runway again leaving you with that last 45 degree offset. 

This is where display flying gets VERY aircraft specific. This is where you have to know the airplane you’re flying and it’s performance parameters. 

Normally, you would consider turn radius is a function of the TAS squared, the radial g, and the angle of bank for any airplane. This holds true for level turns. We have a special situation in our display turn around however, because we’ll be working the airplane while we’re in the turns, playing in a higher energy level or bleeding off energy as needed to keep the airplane where we need it to be in terms of spatial orientation to the show line, while at the same time playing our energy state with airspeed, altitude, and power as we work the airplane back in for the next maneuver in the sequence.

This isn’t easy. In fact, when teaching low-level display flying, I place more stress on these end of the show line reversals than I do the actual maneuvers. It’s on these reversals where the display pilot can blow an entire routine. 

Considering all this means we have to keep the airplane in close, but not too close, and play the airspeed and altitude game in real time while we’re in the turn while at the same time keeping close track of our position relative to the show line and the condition of the aircraft…all at the same time! 

Trust me, this phase of the display can be the hardest to do correctly, and the easiest part of the display to screw up. If we crank in a turn reversal too early we won’t be lined up correctly coming back in on the show line. If we’re too late, we’ve taken the airplane out too far and lost display continuity. These turn arounds at each end of the runway have to be done correctly every time.

Let’s take the Aermacchi 339 and put it in this turn scenario and see how it looks.

The 339 like most straight wing jet trainers, turns very well. Maximum turn rate and minimum turn radius will of course be found at the aircraft’s corner velocity, but doing a show, it shouldn’t be necessary and indeed it isn’t advisable to maneuver the 339 down at corner during a turn a round for display flying. In fact, the corner speed for the 339 would have us way too low in our energy state. This is because we have to make our turns back in while maintaining or even increasing energy state for the next maneuver. A max performance turn would bleed energy to drag rise and we don’t want that. What we want is a nice fairly tight turning radius that doesn’t pull the airplane in too deeply into drag rise thus resulting in an energy loss we can’t recoup in time for the next maneuver in the sequence.

So how is all this done?

First off, the real life situation, then we’ll address the problem in the simulator.

In the real life scenario for a show line reversal, the display pilot will usually pre-fly the show line and establish maneuver exit headings before actually performing a demonstration. Local maps and /or photographs are sometimes used (I always tried to have these on location for this purpose). The display pilot flies the turn reversals selecting banks that will produce the energy levels required while at the same time being careful to adhere to the regulations that exist in the waivers. My personal procedure was to pick checkpoints at each end on the outbound line where I’d initiate my reversals. This eliminated the need for a time check.

The simulator poses a bit different problem for us on our turn reversals. Not all of us have the same scenery installed, so rather than deal with a physical check point that might or might not be in an individual installation of MSFS, I’ve chosen to use a time line for the reversals in our display flight.

 I’ve experimented a bit in the sim, and to keep the display profile as simple as possible, I’ve come up with the following numbers we can use for the MB339.

To fly this display, we’ll be working the 339 at and around 300kts IAS on the right side of the envelope both for rolls and verticals. This means our initial exit IAS at each end of the show line should be right in this airspeed range. There will be a left side minimum IAS as well which we should see on the top of our verticals. This will be in the 150 kts range. But it’s the exit speed we’re interested in for the turn reversals at each end of the show line, so remember this number…300kts!! We’ll be working the airplane in the reversals and adjusting our bank, power, altitude, and airspeed, based on entering our turn reversals around 300kts.

This will keep the g down to a low roar and keep the airplane out of drag rise during the turns while maintaining maneuvering energy, which is what we want for flying the display. If we have to, we can unload the airplane to increase energy. We shouldn’t need to decelerate during the turn a-round under normal show conditions and in fact we will probably be carrying some power through the turns to keep the energy state up where we need it to be.

You can experiment with where you want to initiate your 180-degree reversal off the right 45-degree exit line off the numbers. I find in the simulator that going outbound for a 5 second count in the MB339 is about right

Try 5 seconds outbound in the sim. Adjust the bank during the reversal as required to achieve the desired result. (180 complete; runway on left off the nose with 45 degrees to go for line up going back in)

Time for the paper work……….there’s ALWAYS paper work!!! ()

First, I need to check waivers for the show, the parameter and crowd limit lines, our check points, the show line, the show center, and then attend the safety meeting…and we’re not even IN the airplane yet!!! (
Well, I have my waivers checked, and the show line for today’s display in the MB339 will be a category 1 show line which means a 1500’ lateral distance to the crowd line for aircraft with cruise speeds of 245kts or better, and our ingress and egress path off our demonstration line will be non aerobatic but waived to Part 91 of the FAA Regulations. Communication will be Tower VHF with a closed field via NOTAMS and during the display I’ll be monitoring ATC in the tower on 126.0.

Before we actually strap on the MB339 and go fly this display together, let’s you and I sit down and have a cup of coffee and discuss what we’re going to do. I’d like to give you a little understanding of what’s happening before we actually do it.

While we’re in the air, from the instant I power up for takeoff, things will be happening fairly fast, and by us having this little chat before we take off, I think you’ll have a better handle on things as they are happening in real time as we’re flying the display in the simulator. 

Also, you’ll be able to come back to this and read up a bit when you attempt to duplicate the display on your own later on. 

Let’s talk some more display flying for a moment

OK, let’s take a look at exactly what our display will consist of like maneuver wise, and discuss each maneuver just a bit to get a little better mental picture of what we’ll be doing and why.

First off, if you want to stop here for a moment and open the simulator, go to KILG and take a good look at the field layout. Zoom out so that you have a good look straight down toward the airport with all runways and the approaches to the runways entirely in the view. Take a screen shot of the airport if you like and use it as a reference.

Take a good look at runway 9/27. That’s the runway we’ll be using for the display. 

You can also download a PDF file of KILG from the net and print that out for reference. 

You can find one at the following web site.  http://www.airnav.com/airport/KILG

The main thing is that you take a look at the field so that what I’m telling you about our display area makes sense to you.

So our display will be flown using 9/27 as our main show line (category 1 aircraft require crowd separation of 1500’ from the flight path along 9/27 to the rope line containing the front of the crowd.) Our “imaginary crowd” will be viewing the show from the ramp behind the D taxiway in front of the control tower area on the left of our flight path along runway 9/27 which is also the show line, and the crowd will be on our right as we use runway 9 coming back the opposite way. At no time can we allow the airplane to fly closer to the crowd line than this established 1500’ separation.

This is real life of course, but it gives you a picture of some of the safety issues involved with a display flight.

How ‘bout the maneuver sequence?

Let’s take a quick look at the maneuver sequence, as we’ll be doing it and see how it interfaces along that 9/27 show line.

Here’s our display card for today. It’s a short display so that all of you can duplicate it later on if you like.

Keep in mind that all transition/repositioning between maneuvers will follow the same format each time. That format is a post maneuver 45 degree turn to the RIGHT off the show line, followed by a LEFT TURNING repositioning back into the show line opposite direction for the next maneuver on the show line.

So it’s a step-by-step process. MANEUVER…45 right out…left turn back in…NEXT MANEUVER. Repeat!

Our purpose in repositioning is to keep the airplane in tight enough to the show line that the continuity of the display isn’t lost, and at the same time fly that positioning safely so that safety and waiver regulations aren’t compromised. Also, and important to us personally in the repositioning phase, we’ll be managing aircraft energy and doing our instrument checks making sure the aircraft is performing properly. In short, the repositioning phase of the display is equally important as the actual display itself, as it’s HERE we must manage the maneuvering energy (Ps) of the aircraft to insure safe initiation energy for the next maneuver. Failure to manage energy in the repositioning phase of a display has killed many a pilot, and I can’t place enough importance on flying this phase of the display properly.

So we’re not “resting” in these repositioning transitions are we? We’re very busy!!!!!!

Staying alive in the low altitude aerobatic environment

One more thing you might be interested in knowing about before we take off in the Cloud 9 MB339 for our display, and that’s the problem associated with vertical recovery at low altitude when initiating a vertical maneuver such as a loop, a ½ Cuban 8, or a Reverse ½ Cuban 8 off the deck, and in our case flying this specific display, initiating vertically from 500 feet AGL.

Much has been written about vertical recoveries at low altitude while flying an aerobatic display. I personally have written on this issue for the air show safety community on more than one occasion. My comments on this potential killer can be found in the fine book on air show flying and safety by Gen Des Barker of the South African Air Force “Zero Error Margin” African Aviation Series #18 Freeworld Publications cc, Nelspruit S.A. and also in the Feb. 2004 edition of Aeroplane Monthly in a feature article “Precision Decision” by the same author, Gen Barker. I’ll touch on this issue briefly for you here to give you a better understanding of the dangers involved and also to help you execute a vertical maneuver correctly while attempting the vertical maneuvers for yourself while attempting the display flight in the flight simulator.

Unfortunately, the aerobatic graveyards are full of pilots, many of them professionals, and indeed some of them friends of mine, who even though they had a thorough understanding of the issues involved with low altitude vertical maneuvers, killed themselves while performing these maneuvers. 

It goes without saying that pilots NOT having a thorough knowledge of these issues are in my opinion simply flying on borrowed time.

These are of course statements that relate to the real life experience. We are dealing with MSFS with this article. We’ll crash if we make a fatal mistake, but have the opportunity to reboot and try it again, unlike the situation found in real life. It behooves us however to try and understand the situation from the real life perspective, for in doing this, we’ll have a better shot at flying a display flight in a high performance military airplane like the MB339 in MSFS and doing it correctly.

Let’s use a simple loop maneuver for our explanation on survival in the low altitude aerobatic environment. The loop is a fairly simple maneuver when done correctly and most of you as sim pilots already have a fairly good understanding of the aerodynamics involved to do one properly.

The problem with the low altitude environment is that you simply can’t get away with a maneuver error you could make at a higher altitude without the possibility of paying a very large price for that error on the back side. 

What does this mean? Well, at altitude you can loop the airplane and have the entry airspeed off a bit. You can loop the airplane allowing the positive g during the upside pull to wander from your optimum selected g profile. You can cross the top inverted with an airspeed that is either too low or too high for the desired circumference of the maneuver and not have to pay for that on the backside.

All these things you can get away with doing a loop at altitude. You will simply be off in the recovery by some degree of error accumulation and no one but a sharp eyed and experienced outside observer watching you from the ground would be any wiser.

You can forget that in the low altitude environment. These errors, or possibly even ONE of these errors will kill you for sure in the low altitude scenario.

In order to survive in the vertical maneuver environment at low altitude, you have to perform vertical maneuvers to rigid specific parameters, monitoring these parameters throughout the maneuver. These parameters will vary from airplane to airplane and it’s up to each display pilot to become familiar through actual experiment with these parameters for the airplane being displayed.

I displayed many airplanes during my career including the P51 Mustang, the Pitts Special, the AT6, the Grumman F8F Bearcat as well as others. Each required a different parameter profile. To mix them up at low altitude would have meant certain death.

OK, lets explore the parameter limits and learn a bit about a vertical maneuver profile.

We’ll assume we’re coming off the deck at 500 feet AGL and performing a normal inside loop in a high performance fighter we’ll call X.

What we’re looking for basically is a set of numbers for THIS airplane that will CONSISTANTLY produce for us a PREDICTABLE RESULT at the maneuver exit point.

Assuming we’re initiating an inside loop at 500 feet AGL at a specific IAS, we want the numbers that will have us at this same point coming out of the loop (500’ @ the same IAS) thus avoiding overshoot in the recovery resulting in ground contact. Basically this means finding a positive g in the pull that will give us at the top what we need in IAS through the float inverted (the inverted portion at the top of the loop).

Let’s examine the top of the loop for a moment.

In the display business, we call the top of the loop where you arrive inverted half way around the circle “the float”. I can’t place enough stress on the importance of arriving through the float at the right IAS and altitude. To do this requires controlling the g through BOTH HALVES of the maneuver. You arrive too slowly through the float and you can develop what we call in the fighter business a positive nose rate. In other words, instead of “flying through” the float, the airplane is actually slow enough that it’s descending through the float. This is BAD JU JU!! Conversely, if the IAS through the float is too high, that’s not good either!! This is REAL BAD JU JU!!!!! Doing this can extend the backside arc resulting in excessive airspeed in the recovery that can in turn cause you to go beyond your available radial g in the recovery causing an overshoot or causing you to pull past the Clmax limit available to you for the airplane causing a high speed stall. 

Any of these circumstances can easily result in you pulling the airplane into drag rise and a higher angle of attack than desired, causing as a result a wider recovery arc and a lower altitude recovery…. possibly too low for recovery!!!!

 This situation is the scenario that has killed many pilots trying to do low altitude vertical recoveries. It’s this “extension” that puts the airplane outside the desired parameters for altitude in the recovery and is the killer that ends in ground contact!

Well…knowing all this…what do we have to do to perform a safe vertical recovery at low altitude.

What we have to do is make our airplane PREDICTABLE…PERIOD! We need to establish two IAS’ for the maneuver, entry and “top gate” (top gate is our target IAS and Altitude through the float)

Let’s use the MB339 as an example since we’ll be flying that in our display. As I’ve not flown the 339 in real life, I’ve based my numbers on what I would expect from any straight wing jet trainer in the same class of performance as the Aermacchi.

We’ll be using an entry IAS of 300kts for our loop in theMB339. We need an IAS no less or higher than 150kts at the top gate. What we need to find is the amount of positive g that will put us at the top gate inverted at this 150kts IAS through the float. By experimenting, we come up with a positive g rate of 3.5 to 4 positive g’s to accomplish this. Keep in mind that this is just an example. The actual numbers would vary a bit depending on aircraft configuration and density altitude.

So we’ll be using this entry and exit IAS and this g profile for our display with the MB339 inMSFS. If the maneuver is flown to these strict specifications, it should produce a loop with predictable results; basically those results being our recovery from the loop at the entry altitude and IAS instead of ground contact.

I’ll review this again for you as we attempt our first low altitude vertical maneuver in the display flight and place it into perspective for what we’re actually doing in the simulator.

OK, so we have had a look at the area, and we understand a bit about how we’ll be repositioning the aircraft during the display; but what about the display itself? What maneuvers are we going to be doing?

Here’s our display card. (I always had mine pasted on the panel in front of me in the Aresti code)

Take off on 27/reposition for 9

Loop/show center/reposition for 27

½ Cuban/show center/Aileron Roll/reposition for 27

Inverted Pass/repositioning for 9

Immelmann/show center/Split S/repositioning for 27

Calypso Rolls L+R/reposition for 9

Landing on 9/ ¾ climbing roll to a knife edge tactical pitchout

If you like, feel free to draw this out for yourselves on paper, mentally flying the maneuver sequence with the positioning transitions at each end of the show line so you have a good mental picture of what we will be doing and know what to expect as it’s happening to us in the simulator as we fly the demonstration together. Remember, all the transitions begin with a 45-degree RIGHT turn off the show line after each maneuver exit, followed by an immediate energy managing (using power, airspeed and altitude gain and loss) teardrop left turn back into the opposite show line direction. Your drawing should basically resemble a horizontal figure 8 with the runway being a long extension of the eight and the repositioning turns making up a rough opposing teardrop at each end.

In the simulator; about controllers.

Just a word or two here about controllers for you military aircraft sim enthusiasts who will end up enjoying flying a display flight in the Cloud 9 Aermacchi MB339;

I’ve been instructing real pilots in high performance airplanes most of my life, and I can tell you that if there’s one thing that relates to both real life and flying with a controller in the simulator, it’s HOW the controls are used.

Flying a high performance airplane is done with extremely subtle PRESSURES, not control movements per se’. You literally caress the stick in a high performance airplane, and this method of control usage in real life can be directly carried into your use of a controller in MSFS.

When you use a controller in MSFS to fly a high performance airplane, you have to think soft subtle pressure rather than movement of the controller. In fact, I would suggest you try flying with your fingers. Put a VERY light hand on your controllers for this type of flying. Think “pressure” and not movement!!!!! Be gentle!!!! Actually, this is the way you fly ANY airplane, but for low altitude aerobatic work, smooth, gentle controller pressure is an absolute MUST!

The result of this “soft approach” is a corresponding reaction of the aircraft on the screen that more truly duplicates what the airplane would be doing for you in real life.

For those of you who might have a tendency toward handling aircraft in the simulator in any other way…RELAX…slow it down a bit…think PRESSURES not movement, and you will find your general sim experience instantly more correct and enjoyable and your ability to handle a high performance airplane like the Cloud 9 Aermacchi MB 339 instantly improved by leaps and bounds.

Also on controllers and display flying in MSFS

Naturally, to fly a display properly in the simulator, the better your controller setup, the more accurate and realistic the experience will be for you. Personally, considering the quality of the flight experience being made available to us these days by developers like Cloud 9, I think it’s worth the expense for the serious simulator enthusiast to consider a good stick, a separate throttle, and a set of good rudder pedals. The total sim experience available today I believe warrants this. The proper equipment completes the package for you and allows you much added immersion and realism.

So much for preparation, let’s take a look at the Cloud 9 Aermacchi MB339 Trainer that we’re going to fly today.

The people at Cloud 9 have spared nothing in making this NEW Aermacchi MB339 add on as realistic as possible for you. Frecche Tricolori pilots have actually tested the flight model and approved it. It’s a first class duplicate of the real airplane and you will find after purchasing it that Cloud 9 is getting VERY close to being able to reproduce the real thing for you on a computer screen.  The graphics are superb both inside and out and the panel is done in a completely new technology retrofitted to the already superb Cloud 9 F104 Starfighter. All panels of the Cloud 9 family of add on aircraft for MSFS will use this technology in the future. The result is an absolutely photo realistic panel and sub panels presented in a friendly frame rate environment that is so good you will feel you are actually sitting in the airplane.

Well, we’ve learned a bit about display flying; let’s go fly a display in MSFS using the MB339 and see how well we do.

Remember, the display in the simulator can be paused at any time while you go back into this tutorial and review something.

Setting up the display in the simulator;

All right, open MSFS and go to “Create a Flight”. Select the MB339. Change the airport to select KILG (New Castle County Airport). It’s in Wilmington Delaware, United States. 

Now select to start the flight on runway 27. Select fuel and set up the MB339 for internal fuel only and set the fuel for 608 kg. This will result in the MB339 coming up in the sim at the end of runway 27 at KILG with 608kg of fuel; the engine running and everything ready to go. Use the default clear weather and set the time for early afternoon.

This gives us a clean MB339 with a low GW, which will be fine for the purpose of this particular display flight.

Also, turn off the AI aircraft and tune the VHF radio to any frequency but 126.0 or 121.7, which is the tower frequency and ground control at New Castle.

We should now have the airport to ourselves to fly the display. Aside from the radio being off frequency, turning off the AI aircraft fits right in with the norm, as the field would be closed to normal traffic anyway by regulation and through a NOTAM (Notice to Airman)

The display;

Write down the following and put it in a prominent place on your desk that you can see it during the flight.

First, the display as it will be flown;

Here’s our display card. 

(In real life I always had mine pasted on the panel in front of me in the Aresti code)

1. Take off on 27/reposition for 9

2. Loop/show center/aileron roll/reposition for 27

[This next one’s a bit tricky so be careful(]

3. ½ Cuban/show center/Aileron Roll/reposition for 27

[Notice we’ve exited the way we came in and are repositioning again for 27]

4. Inverted Pass/ repositioning for 9

5. Immelmann/show center/Split S/repositioning for 27

6. Calypso Rolls L+R/reposition for 9

7. Landing on 9/ ¾ climbing roll into pitchout/left pattern

Next our inbound/outbound heading numbers;

For the runway 27 show line; (this is our takeoff direction). We will be doing a reversal after take off and the first pass will be on the 9-show line.

270 + 45 = 315 – 180 = 135 – 45 = 90

These are your heading numbers for your runway 27 passes. They include the runway heading, the right 45 offset out heading, the reversal inbound heading, and the reciprocal show line heading for the next pass. Now do the same thing for the runway 9 show line.

090 + 45 = 135 – 180 

(Note that finding the reciprocal heading using 135 as the entry is obtained more easily by adding 180 degrees to the 135 rather than subtracting 180 from that heading because subtracting passes through 360 which makes finding the reciprocal a bit harder)[Actually adding 200 then subtracting 20 is the way I used to do it] ( 

Anyway, we will show the change as a minus because the turn will be to the left. So we have 090 + 45 = 135 – 180 = 315 – 45 = 270

Keep these numbers handy where they can be seen. 

[In real life, I always had these numbers written on the back of my throttle hand with a black marker pen. You can put them in front of you on your desk where you can see them clearly during the flight.]

Remember, these numbers are gold! They are your bible for the display. Screw up and miss one and you can easily blow the whole demonstration. Actually, if you are flying a display properly, you have committed these numbers to memory, but it never hurts to have a “cheat sheet” when dealing with working a high performance airplane in a low altitude aerobatic environment.

OK, let’s fire up Cloud 9’s new MB339 and get this thing on the road;

Keep in mind as you read this that I’ll be taking you in and out of the simulator as we discuss what’s happening here in real time. My real world references will be plain enough and I’ll specify when necessary to keep you straight on where we are. Basically what I’ll do is bracket my real life comments for you.

All right, we’ve brought up the MB339 and we’re taking a long hard look at the panel. You should be sitting at the end of 27 ready to go. 

A word or two about your altimeter setting;

Normally before you take off for a flight, you would set the altimeter to the local altimeter setting which would have the altimeter set for MSL and the airplane showing it’s altitude at the airport reduced to sea level. 

I don’t like using a MSL setting for a low altitude demonstration flight. Aerobatics at low altitude is no place to be doing math under pressure, no matter how simple the math may be.

Your base altitude for the display in the simulator is 500 feet. This isn’t 500 feet above SL its 500 feet AGL (above ground level). This doesn’t leave you much room to be doing math in a pull out. If you set the altimeter for the local MSL setting, to find that 500-foot hard deck you will need to consider the field elevation and this can cause problems.

My standard procedure for altimeter setting before a demonstration was to set the altimeter to 0 if I was within the range of the Kollsman window on my altimeter, which was almost always. If not, I rounded off to the nearest thousand feet using the nearest five hundred feet either way. AGL is the name of the low altitude aerobatic game; NOT MSL!

In our case at New Castle, the altimeter can simply be set to read 0 on the runway by turning the Kollsman knob on the altimeter so that the instrument reads 0.

The field elevation at New Castle is 89 feet. The simulator will bring up the 339 with that setting showing on the instrument. 

RESET IT NOW TO 0!! You are now reading AGL, or QFE if where that is used.

Check all instruments within take off parameters. Now take a look outside at the airplane and check the controls for freedom of movement. Check your trim. 

Normally you would be using the TO position for the flaps in the 339. For a display takeoff, leave the flaps in the up position. You have plenty of runway. You’ll want your rotation and climb transition to be smooth and fast. You won’t have much time between rotation and the initial offset turn at the end of the runway to be raising the flaps as the airplane adjusts to angle of attack, so leave them up.

Check the operation of the speed brakes and verify to the closed position. Run up the power and do an “up check holding the brakes ” RPM 100%, JPT <720, check oil pressure. All instruments go!

[Ok, we’re ready to go. Remember now, once you move that throttle forward, you are IN the demonstration. Every move you make; every instant from that moment onward; you’re doing the display. One mistake; one incorrect hesitation; one error in position, one miscalculation during a turn reversal or a maneuver and at best you’ve blown the exercise. If the error was bad enough, you not only blew the display, you have most likely killed yourself. Don’t allow that to happen. Keep your eyes open, your control pressures smooth and planned, and your brain out ahead of the airplane.

Do this right and you have entered and conquered a totally new area of the simulator experience. Practice this and get it right and you can be very proud of your accomplishment. Trust me on this one. This task you are about to tackle isn’t an easy one.

It’s not easy in real life and it isn’t easy in the simulator. You will have truly accomplished a difficult task and learned a great deal about flying a high performance airplane in one of the most exacting venues in all of aviation]

We’re GO on power up!! Release the brakes. From this instant onward, it’s you, the airplane, and the display!

Let’s split the display up into separate components. You can concentrate on each component that way, then later on try the display as it’s meant to be flown; without interruption or hesitation.

The take off!

It’s paramount that you get the airplane straight and moving in the right direction from the instant you go to take off power. Don’t over use the brakes. You will begin to pick up dynamic pressure on the rudder at about 50kts. Use small and anticipated rudder corrections for directional control.

Keep the stick neutral with very little pitch input until reaching rotation. Normally you would rotate at about 95kts in the 339 in our clean configuration. Hold it down a bit longer. Put your hand on the gear handle (should be a programmed controller switch but if not, get near the gear key. Now rotate gently into a shallow climb. As you do this watch the VSI. The instant…and I mean the instant, you see a positive climb rate on the VSI, hit the gear UP. 

The airplane will be accelerating at this point and as lift develops it will want to climb on you. Don’t let it break 500 feet! Use pitch carefully and smoothly to find 500 feet. Stop the climb right there at 500. Not a foot higher. Watch the airspeed. You’re looking for 300 kts. You won’t have it yet. Keep the power up. By now you should be looking at the end of runway 27. Watch for the number 9 at the far end. 

You’re going to get REAL busy about now (
The first reversal;

At the numbers (9) initiate the offset right to 315 degrees. Check the airspeed. Hold the altitude at 500 feet. Start the count for 5 seconds. Now reverse to the left! Check your position to the runway any way you can. Your 8-way hat should be ok for this. Check your airspeed.

Play the bank during the reversal and adjust the power to gain and hold your 300kts. Use pitch carefully in the vertical plane if required to either ease up to or ease down to your 500 feet altitude. If you’re stretched in the reversal (too wide), you can use the vertical plane to reduce the turn radius, but not without a cost in airspeed. Watch that energy!!!

When you have the airspeed nailed, adjust power to hold that and whatever additional is needed to counter any sink due to drag in the turn reversal.

How we doing so far? Don’t sweat it. A little practice and you’ll be right in the grove! (
Ok, we have our 300 kts, we’ve reversed left to an inbound of 135. The runway is off our left wing another 45 degrees. Now we play that last 45 degrees to line up for the first pass down the runway 9 show line.

Entering the line, we need 500 feet and 300kts. If you don’t have those numbers, do whatever you have to do with the airplane to get them. It’s imperative we have these two parameters as we enter the first pass.

Maneuver pass #1; a loop followed by an aileron roll

The first maneuver is a loop followed by an aileron roll, then the kick out to the right at the numbers on the far end of the runway.

We play the airplane down the show line making any fine-tune adjustment in altitude and airspeed we need to meet the maneuver entry parameters.

We’ll use show line center [midway down the runway] for our loop entry point. Crossing that point, we make one last check on the wings. Both wings have to be absolutely dead on straight and level for a vertical maneuver entry such as a loop.

We enter the loop and ease in the g seeking +4. At 300kts and +4g’s, the 339 will give us a nice easy loop. As we go through vertical, look at the left wingtip. It should be on the horizon turning about equidistant through the horizon. If it’s low in the ground, you need right rudder to pick it up. If it’s favoring the sky, use left rudder to bring it back.

Now watch the airspeed and g. nearing the top of the loop, you’ll want to ease off that +4 g’s and let the airplane ease back into the “float”. 

In other words, don’t blow the top gate numbers either by being too slow or too fast for the airplane you can easily kill yourself in a real life backside vertical recovery if the top gate numbers are off. 

In the sim, don’t sweat it. Just reset and try it again until you get it right (
Ok, we’re through the top gate with the right numbers. We take a good look at the ground now. The runway, considering our no wind condition, should be right under the airplane. If you’re off and the wings are not level at this point, make an adjustment to level them quickly, then ease into your recovery. If you have played everything right, you should be entering the recovery at about 150 kts or a bit slower. As the airplane heads down the backside, keep it lined up with the runway and ease in no more than the initial 4 g’s. If you’ve done everything right, you should come out of the loop about where you entered it at your initial 500 feet and your initial 300 kts.

Now don’t go to sleep yet; this is just the beginning. (
As you come out of the loop, level the wings; pull the nose up about 5 degrees and use aileron to do an aileron roll to the left. At 300kts with servoed ailerons, the 339 should do this nicely for you. 

It’s important you know the difference between an aileron roll and a slow roll. In a slow roll, you are FLYING the airplane through the roll basically on its longitudinal axis. In an aileron roll, you simply raise the nose about 5 degrees and use the ailerons to roll the airplane. Performed from level flight, the nose in an aileron roll will perform a natural arc based on the amount of distance the nose is above the horizon at roll initiation, the airspeed at roll initiation, and the roll rate available to the aircraft.

Usually you don’t do low altitude aileron rolls when displaying an aircraft, but the roll rate available to you in fast jets makes it possible if it’s done right. We’re simply throwing in an aileron roll or two in several of the passes as a fill in for continuity.

OK, do the roll!

Recover to level flight and find the runway numbers NOW!

The turn reversal;

Exit 45 right over the numbers. Now play the reversal and we’re coming back in for the second pass; this time on the 27 show line!

Maneuver pass #2; a combination ½ Cuban 8 and another aileron roll.

[A ½ Cuban 8 is ¾ of a loop and the second half of a roll performed as one maneuver. It’s beautiful to watch, and can be used as a turn around in the vertical plane. On this pass, you have to be careful with orientation, as we’ll be entering on the 27 show line, and exiting back the way we came in, which puts us exiting on the 9 show line, and we’ll be repositioning again for 27………so be careful!

In other words, doing a ½ Cuban will cause us to exit the line the way we came in instead of the simple straight through pass we did the last time with the loop. The reason is that the loop took us all the way around and the ½ Cuban reverses us back the way we entered the show line.

Now, let’s make the ½ Cuban plus roll pass;

Playing the reversal as always, line up carefully on the 27-show line. You want 500 feet and 300kts. Line up carefully as you come in crossing the numbers.

Because the ½ Cuban is a reversal in the vertical plane, we’ll initiate it at the far end of the show line over the numbers. This should give us a recovery on the line with enough room for the added roll and the exit turn.

Now watch the IAS and Altimeter closely. As you cross the far end numbers, ease the MB339 into the vertical, making sure the wings are absolutely straight and level as you initiate. Now pull the airplane gently into an increasing g till you see 4g’s. Check the wing tip as in the loop. Keep it straight as in the loop.

Now ease off the g as you pass through vertical and start thinking about going through the float at the top. You want a bit more airspeed for the Cuban than for the loop as you’ll want maneuvering energy for the roll.

The trick with a ½ Cuban 8 is to let the nose come on through the float inverted through the top gate, then PIN the nose with forward stick at 45 degrees as the nose comes though and starts down the backside recovery. In the beginning this will take a concentrated effort because the natural tendency is to allow the nose to continue on through.

Now, with the nose PINNED inverted at 45 degrees on the down line, you are going down fast. You should see the runway in front and under you. Don’t waste time looking at it. The PIN on the nose should be held just long enough to establish the 45-degree line, now initiate a ½ roll to either side to recover the airplane and complete the maneuver to an upright 45-degree down line. 

The way you do this is a ½ slow roll. It’s a little different than the aileron roll. You want to pin the nose on that 45-degree line and you can’t do that by executing a pure aileron roll. You don’t want any arcing of the nose during the roll. You want that nose PINNED on that down line!

This time you’re going to FLY the airplane through the ½ roll. Here’s how to do it.

With the stick holding the nose pinned with forward pressure, initiate the roll with aileron and just a touch of top rudder. (Inside rudder is with the roll. Outside rudder is against the roll. Bottom rudder is with the roll. Top rudder is against the roll).

This means that if you’re rolling to the left, you’ll be rolling with left forward stick and some right rudder. This will keep the nose pinned as you roll. Now things happen fast so be careful. Keeping the rolling aileron in, switch the rudder to rolling (inside) rudder and allow the stick to come on back as the airplane goes through knife-edge. 

Now as the roll continues, ease off the inside rudder and forward stick letting everything return to neutral as the airplane levels on the recovery line going downhill at 45 degrees.

The rest is exactly like a loop recovery. Check the airspeed and altitude. You should be recovering at your initial 300kts and 500 feet AGL. If you’ve done it right, you won’t need any more than 4 g’s in the recovery.

Now as the airplane recovers, you should have room for a quick aileron roll before the exit point at the numbers if you’ve done everything right so far. Just raise the nose to 5 degrees [don’t EVER forget to do this, as it’s a safety consideration. It keeps the nose arc equally divided both above and below the horizon line during an aileron roll. You start an aileron roll from exact level flight and the entire arc of the roll will be below the horizon, which is bad ju ju at low altitude, even in a fast jet with a high roll rate.

You want that nose a bit high before doing an aileron roll at low altitude…EVERY TIME!

Now exit right over the numbers and do the reversal for another 27-show line. Notice we have exited the way we came in and are RESETTING AGAIN FOR 27!!!

Next pass is an inverted pass;

Surprisingly enough, this pass can pose the hardest problem for you if you’re not very careful. There are a few things about perspective and control use unique to using the simulator in inverted flight that can use some amplification before you try this.

In real life, your body is inverted with the airplane when in inverted level flight. In the sim you are sitting upright while on the screen in front of you the airplane appears inverted. This poses some “adjustment” in perspective as that relates to any inverted turn you attempt in the simulator.

In real life, when you roll an airplane inverted and want to make a turn, your ailerons function the same way they do in upright level flight. Bank left, left aileron, bank right, right aileron. The rudder inverted however, is reversed. This means that in order to do an inverted turn to the left in the real airplane, you would use aileron in the direction you wanted to go for bank and opposite rudder for adverse yaw entering that turn. Visa versa for a right turn inverted. Of course this also assumes elevator reversal. Nose up push forward, nose down, pull back and so on.

In the simulator however, we have a different perspective looking at the screen with the airplane inverted. This is because we are sitting right side up. Only the airplane on the screen is inverted.

This is a very interesting state of perspective and can get quite confusing if you’re not careful. The controls still work the same way, but depending on whether you are viewing the airplane from the outside or looking at the screen sitting upright in a chair, there’s a difference in perspective for what the airplane is actually doing when you apply control pressures.

If you look at the airplane from outside the cockpit and apply control pressures to produce an inverted turn, everything appears normal and as it should. If however, you go inside the cockpit and apply the same control pressures to produce the same turn, the perspective because you are not inside the airplane will appear reversed. This is something you have to consider when dealing with an inverted turn while using the simulator. In short, everything is normal and functioning as it should, but YOU are reversed because you are sitting upright and you are looking at a screen with you inside an inverted airplane but you are right side up!! 

And you thought actual flying was confusing!!!!!!!!!!!!!!!  (
Don’t worry. With a little practice, it will all fit into place. I suggest you practice a few inverted turns at altitude, considering your perspective issues, then come on down and try staying aligned with a road or a river while inverted. This will prepare you for obtaining and maintaining proper alignment with the runway as you attempt your inverted pass doing the display]

All right, let’s assume you’ve practiced all this and are ready to try the inverted pass and aileron roll maneuver segment of the display.

OK, we’ve done the reversal after the ½ Cuban and are again repositioning for a 27-show line entry for the inverted pass.

Line up VERY carefully on the 27-show line. Your IAS should be about 300kts and the altitude at 500 feet as always.

With the nose lined up on the runway, execute a ½ slow roll to inverted flight. Do this in the following manner. Raise the nose to about 5 degrees above the horizon and neutralize the stick unloading the airplane. (No g on the aircraft)

(You don’t want any positive pitch being held as you initiate your ½ slow roll) 

Now slowly apply left aileron and slight inside rudder for adverse yaw. Smoothly, as the airplane begins to roll toward knife-edge, transition the stick a bit forward to maintain your nose position and transition from inside to outside rudder. The outside rudder holds the nose position as you approach knife-edge and the forward stick and outside rudder hold the nose position as you roll past knife-edge. Now bleed off and neutralize the controls as the aircraft rolls inverted and stop the roll right there with neutral controls.

Let the airplane teach you how much pressure you need on each control surface by you watching the nose attitude just as in real life. If the nose isn’t where it should be, you are either using too much or too little control pressure. The airplane is your best teacher. Pay attention to what the nose is telling you.

Now you should be lined up inverted on 27 entering the show line at 500 feet. The airplane should have a tendency to settle toward the ground inverted. You have to be careful because the angle of attack the wing needs for steady state inverted flight in the 339 is just a bit higher than the angle of attack for level flight with the airplane upright. This means you should need some FORWARD STICK to hold the aircraft inverted. 

You have to be VERY careful here. You will be correcting in bank (remember how we did this) and in pitch as well. The object is to keep the airplane perfectly lined up on the show line while maintaining your 500 feet AGL. While inverted, try and make your corrections smoothly and quickly rather than allowing your heading to wander off the line.

Hey…. you folks are doing just fine. All this takes is some practice and a little patience(
Now, plan ahead. Watch the show line. Leave yourself enough room to perform the second half of a slow roll back to upright before you’re too far down the line, then hit the numbers exactly right for the 45 right exit turn to the reversal. 

Your slow roll recovery is done this way. You should have the wings level inverted and should be holding some forward stick to maintain an inverted angle of attack profile for inverted level flight. This is good; as you want that stick a bit forward as you initiate the roll recovery.

Watching for the right place to initiate on the show line, apply aileron in the direction you want to roll while keeping the stick well forward and in the corner. As you do this, let the adverse yaw pull the nose up and meet it with top rudder. Using adverse yaw this way is an old trick we air show pilots use for low altitude recoveries in roll. It eliminates using bottom rudder to compensate for adverse yaw as doing this pulls down the nose which is exactly what you don’t need with 500 feet of air between you and the ground ( 

By allowing the adverse yaw, you are generating the nose in the direction you need it to go anyway which is UP, and then by simply meeting the naturally generated yaw with top rudder, you are augmenting exactly what you need in control pressures to keep that nose UP where you need it to be in the roll recovery.]

OK, we’re rolling through knife-edge now. We have top rudder with the stick in the far forward corner. The rest of the recovery is simply that of a normal turn recovery. Blend in everything to return the nose to a normal level flight attitude below the horizon.

Now immediately seek the numbers and make the exit turn right on schedule!

Reverse back into the next pass for the 9-show line; an Immelmann followed by a Split S.

This pass can also be a little tricky if you’re not careful so watch out. The potential problems will occur at the top through the top gate. There will be a short period BETWEEN the two maneuvers that will require your complete and undivided attention.

OK, we’ve made the reversal and are lining up on the 9-show line to execute two maneuvers, first an Immelmann, then a Split S. 

In effect we’ll be doing a loop, but with a distinct difference. We do the Immelmann have to reset for the Split S properly before executing it. If we screw it up, it could spell trouble on the backside of the second maneuver. Remember, we can’t bust that 500-foot hard deck.

Line up carefully on the 9-show line. We’ll be initiating from about show center so watch for the entry point.

Carry some extra airspeed into this dual maneuver sequence. We’ll need maneuvering energy on the top of the Immelmann for a ½ rollout to level flight. Throttle up a bit now and look for an extra 30kts. That ought to do it.

Now at show center, start a normal loop as before. No more than 4g’s. Check the tips and adjust. Keep it straight in the vertical plane. Past vertical ease off the g and allow the airplane into the float, but maintain a bit more positive pressure than you did in your normal loop. Now as you get about 160 degrees into the first half of the loop, start looking for the inverted horizon. Use the hat if you need it to do this.

As you pick up the inverted horizon, you should be at relaxed g and in the IAS range of about 160 to 150kts. As soon as you have the horizon, initiate a 1/2/roll recovery to level flight. You can use either an aileron or a slow roll recovery to do this, your choice. 

[See; you’re getting better each time. Now you have CHOICES!!! (]

With the airplane upright after the roll out in the Immelmann, you should be facing the opposite way you entered the line.

Now, what happens next is VERY important to your survival. Immediately raise the nose, throttle the engine and begin to bleed off airspeed while maintaining your top gate altitude while upright.

As soon as the airspeed bleeds off to about 120kts, initiate a ½ roll to inverted [check the wings for EXACT inverted] and immediately initiate a smooth and gentle pull. If your positioning is correct, the runway should be right under you. Play the g and the airspeed during the recovery to put you again at 500 feet exiting the maneuver at 300kts.

Now fly the remainder of the show line and at the numbers, initiate the 45-exit right turn to your reversal point as always.

The next pass should be a simple one. I call it a Calypso Roll. It’s simply an aileron roll right followed by an immediate aileron roll left, then the exit turn.

Line up carefully as always. This pass is on the 27-show line.

Play the reversal as always to obtain your maneuver parameters of 500 feet AGL and 300kts for the rolls.

Line up on the runway and begin the rolls crossing the inbound numbers. Raise the nose, aileron roll right; recover and hesitate, raise the nose, aileron roll left. 

Play the second roll to reach level flight just as you reach the exit turn point and you have done a perfect timing mirror pass. It’s beautiful to watch from the ground, and a real charmer when you get it just right. The break right at the exit point should seem part of the maneuver sequence. If done perfectly, the airplane appears to have performed not 2 but 3 maneuvers in rapid succession. The fast roll rate of the MB339 makes this possible, so plan carefully you’re spacing and it can be real pretty in this airplane.

Now, for all intent and purpose, the display is over, but because all of you have done so well with all this, I’m going to show you how to do an approach to a landing that I used personally during my tenure as a display pilot. It’s a bit flashy, and can be dangerous if done incorrectly in real life. In the simulator it’s a snap, and a great way to end this display we’ve done together.

OK, we’ve done the Calypso pass and have reversed back into the 9-show line. We’ll be landing on runway 9 at New Castle using a left close in pattern. We want the landing to be a fitting end to our well-flown display.

What we’re going to do is what I used to call a ¾-climbing roll to a knife-edge tactical pitchout. It works this way. 

We’ll come in low over the end of runway 9 at about 300kts. We’ll over fly the numbers at 100 feet seeking our pitchout point about ¾ of the way down the runway. Finding the point, we’ll pitch straight up to 45 degrees and hesitate. We’ll roll sharply but smoothly to the right away from what will be a left pattern, and allow the airplane to roll through inverted to the second knife edge position (that’s at the ¾ point in the roll). We’ll stop the airplane there with top rudder and neutral forward stick; holding it momentarily in this position as we transition in some back pressure to pitch the airplane into a left pattern for a landing on 9.

We’ll roll out in the pattern at 1500 feet AGL on downwind, playing our base to final turn in close while configuring the 339 for landing with gear and flaps as the speed dictates. We’ll fly final at a bit higher than the recommended IAS and land the aircraft smartly, letting it roll out on runway 9.

Normal engine shutdown completes the demonstration;

Summation;

It’s always a pleasure for me to write from real life for the flight simulation community. 

I appreciate the hard work and creative talent that both Microsoft and add on developers like Cloud 9 Simulations have devoted to this wonderful program.

In writing this tutorial, I sincerely hope I’ve managed to expand your flight simulation experience and enjoyment a little by giving you a look into the world I knew and enjoyed as a pilot. 

I highly recommend the Cloud 9 Aermacchi MB339 PAN as an addition to your MSFS stable of aircraft. It’s my wish that you use this fine add on along with this tutorial to expand your flight simulation education and experience.

Climb High,

Fly Fast,

Dudley Henriques

