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Defining “Performance”

For FAA certified aircraft, performance figures are derived by extensive flight testing under ideal conditions. Test aircraft are rigged and adjusted to design specifications and flown by trained test pilots. Certified aircraft owners understand that “book” specs are rarely obtained by everyday fliers, especially those aircraft certified during the Post-war years when marketing “interpreted” test results into brochure claims.

The Nanchang CJ-6 was never “marketed”, except to other countries as a trainer. Not a single sight line on the airframe was laid down with respect to “looks”, except that designer Bushi Cheng tells us that Chinese military flight instructors at the time, demanded an aircraft that was very much like the Yak-18A that they were familiar with.

“Book specs” of the –J1A model, or 285 HP version with a metal J9 prop are listed in the maintenance manual. These are performance figures that maintenance personnel and pilots could reasonably expect from a fresh model:

Maximum Speed at Sea Level @ 2350 RPM = 297 KPH or 160 KTAS

Maximum Cruise at Sea Level @ 2250 RPM = 293 KPH or 158 KTAS

Maximum Cruise at 9000’ @ 2250 RPM = 151 KTAS

Climb Rate to 1000 meters or 3280m feet at 3086 lbs using 95% power = 1171 FPM

Landing Speed at 2910 lbs = 115 KPH or 62 KTAS

Gross Weight = 3086 lbs (aerobatic weight limit)

Empty Weight = 2421 lbs with unusable fuel and oil

Real World Expectations

Real life experience with modified CJ’s show that these specifications can be equaled or exceeded. After all, there was no marketing department providing “input” to the published figures. How are these specs exceeded? Well for one thing, weight is reduced by the subtraction of 200 lbs of vacuum tube radios, navigation gear and metal-shielded cabling. Aerodynamically, the ADF antenna is removed as well; and the airframe is painted with glossy paint; dings and dents are filled as well.

In my experience and testing, a “straight” CJ-6A that has been lightened and well rigged will deliver 160 KTAS maximum and routinely achieve 155-157 KTAS in full 2250 RPM cruise. Climb rate improves to 1200+ FPM as well. Properly leaned out, the pilot should expect a 14-15 GPH fuel burn, even less at economy settings. Try that in a Harvard, SNJ or T-6.

One caveat: don’t expect “book” performance from one of the worn-out CJ ramp rats offered by some shady broker looking for a rich Capitalist Pig to buy their junk. Know where the airplane came from and who has owned it.

When is “Good” Performance not Enough?

For most pilots, there is never enough performance and never enough horsepower, only too much fuel burn. We want it all and sometimes money doesn’t seem to get in the way. “Looks” of course are as important as performance to many owners. Big, impressive 3-blade propellers, gleaming side exhaust pipes and tinted custom canopies supplement custom metal-flake paint jobs. I’m not even going to remark on what goes into the panels as it is not relevant to performance improvement; with notable exceptions. Those exceptions include a fuel flow gauge, coupled to a GPS display for MPG readout, accurate temperature gauges and those instruments that accurately measure engine and aircraft performance.

Aviating: The Art of Compromise

As pilots, we always want more performance but the modern world imposes sharp penalties for improvements that only use brute horsepower. In today’s volatile avgas market, we now accept that fuel economy is an important factor that was not such a big deal when we first started flying many years ago.

Witness meteoric sales of Cirrus Aircraft that literally ate the lunch of Cessna, Piper and Beech single engine aircraft sales. Performance, and Miles Per Gallon sell, as well as sleek lines and all ‘glass panels. Now the Chinese have forsaken the CJ-6 and bought the Cirrus Aircraft company!

Improving the “Stock” CJ-6A

So, what can be done with the “straight” CJ-6 to keep at the top of the “Book” specs? Maintenance is all-important; I have covered many specific improvements in articles that are downloadable from the Red Star Pilots Association store, under “Manuals” so I’m not going through the whole list in this article.

Rigging

In the airframe, proper fitting of the gear doors is very important; they should be fit closely so that your thumbnail drags through the gap with some resistance. Add or subtract washers on the gear door mounting spacers as necessary. Trim tabs on the ailerons should be pretty close to neutral and not both up or both down, defeating their purpose. The elevator trim tabs should also be aligned, not one up and one down.

I have heard many complaints about uneven fuel burn from side to side. Mine still favors the left side slightly. After struggling to keep the ball centered at all times, to no avail, I finally decided to place a carpenter’s level across the cockpit side, level from side to side with jacks and then adjust both slip/skid balls to read in the center. They were off about one half bubble. Following calibration of the bubbles I was able to adjust the rudder trim tab for hands off flying after carefully tweeking the aileron trim tabs as well. Slight adjustments make big changes, start from the neutral position and work from there. This process will take a number of flights.

Cooling Drag

The upper and lower engine cowling should fit together without large gaps that bleed air out the sides to the slipstream. Remove the nose gear position light, it serves no purpose other than create more drag. Air from the intake under the cowl should be sealed from entering the cowling ahead of the engine baffling as these leaks only rob ram-air pressure from the engine. I used silicone baffling material, felt and sealant to do this. Also make sure that the carb heat flap sits fully closed against the floor of the intake box when not selected. A gap will bleed off any ram-air effect.

How could the oil cooler affect cooling drag? Well, a dirty or clogged oil cooler will require further opening of the oil outlet door, increasing drag. Where did the dirt come from? Sludge results from the combination of burned fuel and oil (carbon flakes) and ingested dirt through the unfiltered intake. I use a Brackett air filter for this reason as well as a 10 micron rated oil filter, and I had the oil cooler overhauled as well

There is a “sweet” spot in the oil cooler exhaust outlet position where BOTH cooling and minimum aerodynamic drag is achieved. Find it. The same is true with the shutters. Pilot technique is important, it’s not just trimming the aircraft up, there are the oil cooling outlet and engine shutters to optimize as well. Proper leaning technique is enhanced with good EGT gauges. Keep in mind that the function of the radial engine supercharger is not so much to enhance power as it is to even out the mixture flow to all nine cylinders. That’s why the engine doesn’t “roughen” like a flat engine when leaning, it just gets real quiet all at once when leaned too far.

Engine Performance

Keep the engine running at it’s best. That means proper adjustment of the tuning parameters such as point gap, spark plugs, magneto timing, carburetor settings and valve clearance. Change oil frequently or install an oil filter. Addition of an air filter will keep out abrasive dirt that chews up engine internals and dirties the oil. Cleaner oil means keeping the oil cooler clean and a clean oil cooler requires less airflow through it to do the same job.

Yes, I’m a firm believer in automotive spark plugs, specifically, motorcycle racing plugs and high-performance racing wire to replace power robbing stock harness. Just look at the spark-through marks inside any magneto cover. Those burn marks mean that spark was bleed off rather than going to fire the mixture. This is one mod that will end up paying for itself every time you fly and every annual condition inspection.

Major Modifications

Going beyond stock to more powerful engines requires a sizeable investment to get a sizeable improvement. When I upgraded to the M-14P, Huosai engines and parts were hard to find. Now, in 2011, there are improvements like after-market pistons and gapless piston rings, as well as after-market valves, although not widely available.

Financial Considerations

Upgrading the engine is only one expense, the shutter must also be modified or replaced. Same situation exists with the exhaust and the propeller. The costs of these items can equal 75% of the engine cost. So what does all this extra expense buy? On the up side it’s another 75 to 115 horsepower with the M-14P or M-14PF but at the expense of some weight as well. Do not use the M-14 generator, it won’t fit anyway under the CJ cowling and it’s great weight is only suitable for a Yak or a boat anchor, or is that kind of the same thing? Just joking of course, I love my brothers that fly Yaks.

Some Representative Specs of “Big Engine” Installations:

Empty weight: at least 100 lbs more but typically much more as a heat muff is added, and oil filter, oil tank shutoff and long range tanks added. Baggage compartments and ballast are added as well. 

My airplane lost 190 lbs with radio/nav gear removal and I added that back with the M-14P and 51 lbs of lead ballast. Empty weight came out to 2443 lbs or a net addition of 22 lbs over “book”. I’m sure I have added weight since but not sure how much as the neutral elevator trim light still comes out in level flight so I’m not worried.

Rate of Climb: from 1200 FPM to 2100 FPM at 3086 lbs using 360 HP and the V530 “paddle blade” prop. A dramatic difference you can feel. Solo, I love to see 2500 FPM after takeoff in cool air. 3-blade props deliver even more climb performance.

Takeoff and Landing: Expect hard acceleration and reduced takeoff roll. Landings are easier with that big “speed brake” out front. Just push that prop up and pull the throttle back. Works great for formation flying too, especially if you get sloppy with your station keeping and rejoins.

Speed: Expect a top speed of about 165–170 knots, not really much more than the stock CJ-6 and a cruise speed increase of only 5-8 knots under most conditions. This is because the 285 HP Huosai can be run at 95% power whereas the M-14P should be pulled back to 80% max power; difference at these settings is only 20 HP. Lower power settings are more typical for most operators, regardless of engine. Still, some highly modified CJ’s can exceed 180 KTAS in level flight.

Economy: Typically, the big engine will burn ½ GPH more when run side by side with the Huosai. I attribute this to slightly heavier weight and the fact that auto lean of the M-14 carb is not as efficient as careful manual leaning of the Huosai.

Aerodynamic Improvements

The CJ-6 will fly faster with the shutters closed rather than open. Of course under most operating conditions the shutters must be opened. Both “big” and “small” engine powered CJ’s benefit from large diameter spinners that are closely fit to the shutters without a large gap between them. Engine cooling is also enhanced, allowing more closure of the shutters and reduction of cooling drag. If I were allowed only one exterior modification, it would be the spinner. The Yak 18T spinner is 17-1/2” diameter and looks great compared to the stock “skullcap”. MT spinners are about the same size. My Les Crowder model measures 24” but the shutter must be removed as a result. OK for Southern Florida but not North of there. Another simple, but important improvement is to carefully seal up holes in the baffling that serve no purpose except to bleed away cooling air that should be going through the cylinder fins.

Exotics

· Flow guides inside the cowling to smooth air exiting the cowl. I ‘m happy with the set I use, actually it is 2nd generation design now. 

· Fairings around the exhaust stacks to reduce considerable drag from both inside the cowl and in the slipstream. Works well at all speeds, especially if the exhaust stacks are extended to move fumes and oil splatter further down into the slipstream

· Custom cowlings: There are a few out there but plenty of testing is required to optimize any gain. Allow months of time and plenty of money for this mod. By no means is there any guarantee of an improvement to justify the effort.

· Nose wheel fairings: They do work but they also create more drag in the go-around with the gear down. This I see as a reason for Huosai-engined CJ’s not to install this mod. Still, they do work well with the gear up.

· Hoerner style wingtips: They work well at all speeds, especially at mid to higher angles of attack.

· LERX: Function best at low to moderate speeds and are neutral for cruise.

· Vortex Generators: Lower stall and TO/landing speeds. However, cleaning the wing of bug splatter is complicated with the VG’s in the way.

Performance Penalties

I could not mention improvements without citing modifications that compromise performance but may improve other parameters of the piloting experience.

· 3-blade propellers may improve climb but generally limit cruise efficiency.

· Extra weight results from “stuff” pilots add to civilianize their military trainers, especially large fuel tanks, smoke oil setups and scuba tanks.

· Bubble canopies help headroom but create more surface area and profile drag.

· Extra antennas for all those avionics create parasitic drag.

· Fake guns, rockets, external fuel tanks and the like all cost in parasitic drag.

Conclusion

So really, the CJ-6 not really different than any other airplane, add more stuff, add more weight, and the result is more fuel burn. As long as the owner/operator understands the consequence of each “improvement”, then the compromise is struck. My purpose for this article was to illuminate those factors that affect performance.

In today’s challenging economy, the consequences of every modification should be weighed with the expected benefit. In my thinking, those actions that result in longer engine and airframe life are as important as those that enable more performance. If I were to start over with another “stock” CJ-6, the engine mods would include automotive spark plug system, aftermarket pistons with gapless rings, air filter, oil filter, oil tank shutoff and stainless steel exhaust. Aerodynamic mods would be limited to a big spinner, stack fairings and Hoerner-style wing tips. My extra fuel is a removable 14-gallon unit. Currently, I am interested in fuel efficiency and good economy cruise numbers at altitude using lower power settings. The easy way to achieve that is by keeping the weight down, the engine tuned and airframe clean.

See Figure 1 for a front view of my CJ. Note that the shutters have been removed for Florida weather and the spinner is set flush with the cowl opening to reduce pressure spiking at the inlet. This setup does not work well in cold weather without the shutters. The engine air inlet is also faired with a set of “lips” to smooth airflow into the ram air box I made.

