2019 Polaris 850 Patriot stock evaluation... Jim Czekala

Finally—the Polaris snowmobile powertrain engineering team was given a "clean sheet
of paper" by top management to bring its flagship big two-stroke twin into the modern
age. Here is the successful result of many years of work by the engineering team,
including Dallas Blake and Darren Hedlund who came to DTR for the evaluation of our
first production Axys 850. DTR veteran Joe DiSpirito, Chief Technical Officer (I just
gave him that appropriate title) of Sports Unlimited (AmSnow/DTR NY Shootout Polaris
dealer) spent the time with us to learn about the new engine and to study the pipe
temperature/ peak HP RPM relationship to help him prepare for this year’s Shootout
during the Snodeo in Inlet, NY.

This crated sled was shipped to and assembled by Precision Powersports in nearby
Spencerport NY then delivered to DTR in Batavia NY for breakin and evaluation on our
SuperFlow 902 engine dyno. DTR member and Norm Ahrons helped connect the 850 to
the dyno.

The airbox is very much the same as the Axys 800 HO's so we could use our modified
porous side air inlet (coated by us with FlexSeal to prevent unmeasured air from entering
the engine) that we affix our SuperFlow airflow meter to. Early on, we noted that the
SuperFlow airflow meter showed nearly identical SCFM to the LM1Air reading, which is
computed by the dyno computer, combining measured fuel flow and wideband
“LamAF1” A/F ratio to estimate airflow. Once we began feeding refrigerated dry air to
the engine we had to remove the aluminum airflow meter, so we are including just the
computed airflow numbers in this data.

What's really "new" on the 850 Patriot engine? About everything! Longer stroke but still
lightweight porkchop-counterweighted crankshaft (no peak HP difference, but better
throttle response), new crankcase, cylinder, pistons, head, larger 50mm throttle bodies,
and a larger diameter tuned pipe and higher flowing, but lighter weight muffler that's now
fitted with a temperature probe. Muffler temperature is monitored mostly for the powder
guys who might risk melting plastic when burrowing or crawling at WOT for long
periods of time. At some elevated temperature the engine will go into “protect-the-
plastic” mode and cool things down perhaps with added fuel and lowered exhaust valves.

Looking at the engine components Dallas and Darren had displayed on the desk in the
DTR control room, the most obvious difference compared to the previous Polaris twins is
the now diminutive coolant passages in the crankcase, cylinder block and heads.
Shrinkwrapped! The large capacity, lazy flowing coolant passages in the early cylinders
and heads are gone—replaced by modern low volume extremely narrow coolant passages
that promote higher velocity, more turbulent coolant flow that does a much better job of
scouring heat from the cylinder bores and combustion chamber surfaces. Google a photo
of a modern NASCAR engine block. Gone are the flat V8 block sides, replaced by
shrinkwrap-appearing outer castings that follow the four round cylinder bores closely on
each side of the V. On the 850 Patriot, improved cylinder and head cooling can result in
reduced likelihood of detonation and will help cool pistons and exhaust valves better than



before. Add to that, a new lower temp thermostat begins opening at 92F then is wide
open at 100F. Good! Scroll down to reread Kevin Cameron's informative piece
"Turbulence Needed" posted on this website on 3/4/15. We've learned so much from
KC—everyone should scroll all the way down to the archives of scanned printed stuff we
did 25+ years ago and read all of his 30+ TCD (The Cellar Dweller which is a takeoff on
the TDC Top Dead Center that he's written for Cycle World magazine for many years)
articles which have been a great textbook for many 1000s of us snowmobile hotrodders.
Most of what we know today was learned either the hard way, or from Kevin Cameron
and the many other smart people who have made use of this testing facility over the past
30 years.

We had to machine a new dyno shaft adaptor for the 850's crank taper—Iarger diameter
and shallower angle = greater surface area contact between crank and clutch or dyno
adaptor. That's surely a good thing.

The new single ring pistons still require heavy loading breakin to create optimal sealing
and maximum HP. On this zero hour engine (the crank taper was absolutely virgin--
surely no prior dyno time prior to its arrival here) we picked up 5-6HP over 35-40 dyno
sweep tests on Polaris VES synthetic injector oil. Remember, the lowest HP Axys
800HO engines tested here over the last few years all seem to have been run on non
Polaris oil. One of the lower powered ones, a 144 HP 800HO was owned by an unnamed
pal of mine who used WalMart two stroke oil to save a few bucks. It’s smart to use
Polaris oil, and ride the sled hard to get the rings seated nicely. Or, break the engine in
hard on an engine dyno, or even better is the track loader dyno like the one used by Joe D
at Sports Unlimited in Utica, NY. There, you can not only seat the rings but also break in
the whole drivetrain at the same time.

The dyno session began on a warm, humid day. Water in the air saps HP by displacing
02, and the ECU doesn't compensate for it. After the engine breakin was complete, we
fed 30 degree F dry air to the engine intake, and put four gallons of 30 F (chilled in the
refrigeration room) 91.4 R+M/2 octane pump gas with 3.8% ethanol in the tank. The
ECU was left in max performance non-ethanol mode, which probably should be referred
to as a "high octane mode" since due to its cooling effect and added O2, ethanol added to
premium fuel is a good thing when it comes to making HP. Probably the only time to
switch to “ethanol mode” is when you can only buy low octane ethanol or non-ethanol
fuel.

Here are three back to back, very typical 12 second WOT dyno tests with the dyno
cooling tower maintaining @100-105F coolant to the engine.

WOT TEST ONE
EngSpd STPPwr STPTrq BSFA B FulA B LamAF1 LM1Air  AirlnT DenAlt
RPM CHp Clb-ft Ib/hph Ibs/hr Ratio SCFM degF Feet

6700 116.1 91.0 0.631 72.7 13.75 215 34.2 -550
6750 116.8 90.8 0.612 70.8 13.73 209 34.1 -554
6800 117.6 90.8 0.602 70.1 13.72 207 34.1 -557

6850 118.5 90.9 0.596 70.0 13.77 207 341 -560



6900 120.3 91.6 0.595 70.9 13.97 213 34.0 -565

6950 122.0 92.2 0.588 71.1 14.07 215 33.9 -569
7000 123.5 92.6 0.582 71.2 14.09 215 33.9 -572
7050 124.7 92.9 0.585 72.3 14.07 219 33.9 -574
7100 126.1 93.3 0.594 74.3 14.02 224 33.8 -576
7150 128.2 94.2 0.615 78.1 13.79 232 33.8 -579
7200 133.4 97.3 0.626 82.8 13.07 232 33.7 -584
7250 136.2 98.7 0.624 84.3 12.84 233 33.7 -586
7300 138.5 99.6 0.623 85.6 12.72 234 33.7 -588
7350 140.8 100.6 0.621 86.8 12.64 236 33.7 -591
7400 144.6 102.6 0.616 88.3 12.62 239 33.6 -596
7450 148.2 104.5 0.612 90.0 12.65 244 33.5 -600
7500 150.6 105.4 0.612 914 12.66 248 33.5 -603
7550 152.7 106.2 0.614 93.0 12.66 253 33.5 -605
7600 155.0 1071 0.612 94.0 12.66 255 334 -609
7650 157.4 108.0 0.605 94.4 12.63 256 33.4 -612
7700 159.2 108.6 0.598 94.5 12.57 255 33.3 -617
7750 160.8 109.0 0.595 94.9 12.50 255 33.3 -620
7800 162.1 109.1 0.591 94.9 12.50 255 33.3 -623
7850 163.3 109.3 0.583 94.4 12.58 255 33.2 -626
7900 164.6 109.4 0.578 94.3 12.66 256 33.2 -629
7950 165.6 109.4 0.577 94.8 12.75 259 33.1 -631
8000 166.6 109.3 0.577 95.3 12.83 262 33.1 -632
8050 167.3 109.1 0.570 94.7 12.85 261 33.1 -633
8100 167.6 108.6 0.562 93.5 12.84 258 33.1 -633
8150 167.4 107.9 0.563 93.5 12.83 257 33.1 -635
8200 167.1 107.0 0.567 94.0 12.83 259 33.1 -636
8250 166.4 105.9 0.570 941 12.83 259 33.1 -638
8300 164.7 104.2 0.573 93.6 12.88 258 33.0 -639
8350 162.2 102.0 0.577 92.9 12.98 259 33.0 -641
8400 158.6 99.2 0.592 93.1 13.03 260 33.0 -643
8450 150.6 93.6 0.611 91.3 12.95 254 32.9 -646
WOT TEST TWO

EngSpd STPPwr STPTrg BSFA_ B FulA_ B LamAF1 LM1Air  AirnT DenAlt
RPM CHp Clb-ft Ib/hph Ibs/hr Ratio SCFM degF Feet

6700 113.6 89.1 0.637 71.8 13.33 205 33.0 -641
6750 114.1 88.8 0.640 72.5 13.33 207 33.0 -640
6800 114.8 88.6 0.633 721 13.34 206 33.0 -639
6850 116.0 89.0 0.622 7.7 13.38 206 33.0 -638
6900 117.6 89.5 0.602 70.3 13.44 203 33.1 -636
6950 118.9 89.8 0.594 70.0 13.48 202 33.1 -635
7000 120.2 90.2 0.602 71.8 13.50 208 33.1 -635
7050 121.5 90.5 0.624 75.1 13.49 217 33.1 -635
7100 123.2 91.1 0.650 79.4 13.37 228 33.1 -635

7150 125.9 92.5 0.666 83.2 12.94 231 33.1 -636



7200 128.8 93.9 0.664 84.9 12.50 228 33.1 -637

7250 131.4 95.2 0.666 86.8 12.24 228 33.1 -637
7300 133.9 96.3 0.664 88.2 12.11 229 33.0 -638
7350 136.6 97.6 0.652 88.3 12.09 229 33.0 -638
7400 139.0 98.6 0.644 88.7 12.10 230 33.0 -638
7450 141.8 99.9 0.636 89.5 12.14 233 33.0 -639
7500 144.4 101.1 0.628 89.9 12.20 235 33.0 -639
7550 146.7 102.1 0.619 90.1 12.25 237 33.0 -640
7600 149.5 103.3 0.618 91.7 12.29 242 33.0 -641
7650 152.7 104.8 0.617 93.4 12.25 246 33.0 -642
7700 155.5 106.1 0.610 94.2 12.19 246 33.0 -642
7750 157.5 106.8 0.607 94.9 12.16 247 33.0 -642
7800 159.4 107.3 0.592 93.6 12.20 245 33.0 -642
7850 160.9 107.7 0.578 92.3 12.26 243 33.0 -641
7900 162.2 107.9 0.570 91.7 12.33 242 33.0 -640
7950 163.5 108.0 0.566 91.8 12.39 244 33.0 -641
8000 164.8 108.2 0.566 924 12.46 247 33.0 -642
8050 166.0 108.3 0.569 93.7 12.48 251 33.0 -641
8100 166.8 108.2 0.573 94.9 12.45 253 33.0 -640
8150 167.3 107.8 0.579 96.0 12.39 255 33.0 -641
8200 167.2 107.1 0.582 96.5 12.33 255 33.0 -641
8250 166.4 105.9 0.580 95.7 12.27 252 33.0 -642
8300 165.1 104.5 0.580 95.0 12.26 250 33.0 -642
8350 163.3 102.7 0.585 94.8 12.28 250 33.0 -641
8400 160.9 100.6 0.592 94.5 12.32 250 33.0 -640
8450 157.6 97.9 0.609 95.2 12.38 253 33.0 -640
8500 152.5 94.2 0.618 93.6 12.40 249 33.0 -639
WOT TEST THREE

EngSpd STPPwr STPTrq BSFA B FulA B LamAF1 LM1Air  AirlnT DenAlt
RPM CHp Clb-ft Ib/hph Ibs/hr Ratio SCFM degF Feet

6700 111.8 87.7 0.627 69.6 13.11 196 32.9 -649
6750 112.2 87.3 0.630 70.2 13.07 197 32.9 -644
6800 113.0 87.3 0.638 71.5 13.08 201 33.0 -641
6850 1141 87.5 0.635 71.9 13.13 202 33.0 -639
6900 115.5 87.9 0.618 70.8 13.19 200 33.0 -637
6950 116.8 88.3 0.601 69.7 13.24 198 33.1 -636
7000 118.2 88.7 0.602 70.6 13.27 201 33.1 -636
7050 120.1 89.5 0.626 74.6 13.23 212 33.1 -634
7100 122.3 90.5 0.648 78.6 13.06 220 33.1 -631
7150 124.7 91.6 0.662 81.9 12.80 225 33.1 -630
7200 127.2 92.8 0.669 84.4 12.46 226 33.2 -628
7250 129.3 93.7 0.665 85.3 12.20 223 33.2 -627
7300 131.3 94.4 0.666 86.7 12.01 223 33.2 -626
7350 133.5 954 0.667 88.3 11.91 226 33.2 -625

7400 135.8 96.4 0.667 89.8 11.90 229 33.2 -625
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7450 138.1 97.3 0.664 90.9 11.93 233 33.2 -626
7500 140.7 98.5 0.653 91.2 12.00 235 33.2 -626
7550 144.7 100.7 0.639 91.8 12.10 238 33.2 -625
7600 148.0 102.2 0.634 93.1 12.14 242 33.2 -624
7650 151.1 103.8 0.630 944 12.09 245 33.2 -624
7700 153.1 104.4 0.622 94.5 12.03 244 33.2 -624
7750 154.9 105.0 0.613 94.2 11.97 242 33.2 -624
7800 156.5 105.4 0.602 93.5 11.98 240 33.2 -624
7850 158.6 106.1 0.591 93.0 12.11 242 33.2 -623
7900 160.7 106.8 0.586 93.4 12.21 245 33.2 -623
7950 162.7 107.5 0.581 93.8 12.29 247 33.2 -623
8000 164.3 107.8 0.581 94.6 12.34 251 33.2 -622
8050 165.3 107.8 0.582 95.3 12.33 252 33.3 -621
8100 166.0 107.6 0.583 96.0 12.29 253 33.3 -621
8150 166.2 107.1 0.586 96.6 12.21 253 33.3 -621
8200 165.9 106.3 0.585 96.3 12.13 251 33.3 -620
8250 165.3 105.2 0.584 95.7 12.07 248 33.3 -619
8300 163.8 103.6 0.589 95.6 12.04 247 33.3 -618
8350 162.0 101.9 0.595 95.6 12.06 247 33.3 -618
8400 159.9 100.0 0.594 94.3 12.11 245 33.3 -616
8450 157.0 97.6 0.595 92.7 12.17 242 33.3 -616
8500 151.6 93.7 0.620 93.2 12.21 244 33.3 -614
Three back to back acceleration tests
S1.4 R+0MZ2 octane 3.8% ethanol fuel, ECU sef on “non-eth’, refrigerated dny infake air
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Note that as pipe and muffler temperature climbs, airflow is reduced a bit while fuel flow
remains constant. This results in gradually enrichening mixture, which makes things even
safer, but drops HP slightly.

There are no Dynojet power Commander fuel tuners for this all-new ECU just yet, but we
were able to experiment by reducing fuel flow toward the 13/1 range with Darren's
engineering laptop that brought power up to 173 HP. We have the exact fuel flow
reduction % necessary to do that so when Dynojet releases the Polaris 850 PCV we'll be
ready to map and go for at least 6 extra HP for the greedy few that desire that. Maps are
free for DTR members to load on their own controllers or included in PCVs purchased
from DTR. But remember adding fuel/ spark tuners to the Polaris ECU is something the
ECU recognizes and remembers, and might compromise the sled's four year warranty.
Dallas and Darren left us with an 850 ECU with fuel “breakin” removed which will be
helpful for early season dyno testing.

Hot Pipe Horsepower Comparison
Black Palaris 850 Patriof, Biue ShiDoo Etec 850, Red Polaris 800 HD
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This is an overlay graph comparing the Polaris 850 Patriot to a broken in, no timing

added Etec 850 and last year's AmSnow NY Shootout Axys800HO.



850 long stroke piston on the left, S00HO piston on the right. Single ring and extended
skirt length can transfer adequate heat to the now cool, shrinkwrapped cylinder walls.
Note the extended distance from the thicker dome to wrist pin on the 850 piston.



Shrinkwrapped! The early cylinder head design above had excessive coolant volume (still
touted by some ignorant aftermarket billet CNC head makers who don’t understand
thermodynamics) and a flat cover. The 850 head below it is a one piece casting with very
shallow coolant passages that create the high velocity and turbulence necessary to scour
the proper amount of heat from the combustion chambers. The 850 head holds 33% of the
coolant volume of the 800HO head (100cc vs 300cc)! Squish clearance is about .055" and
uncorrected compression ratio is a conservative 12.5/1.



wgua Power

Beefed up, shrinkwrapped monoblock and new design servo operated exhaust valves.
Note the gusseted area between the two cylinders where a bathtub of low velocity coolant
resides on the early engines. Each cylinder’s cooling passage holds a miniscule 150cc of
coolant (300cc for the whole block). Casey Mulkins measured an 800 CFI2 block’s total
coolant capacity and it was a whopping 800cc!

Now the testing is done, it appears that the SkiDoo and Polaris 850s are pretty evenly
matched HP-wise. We’re just two months away from the AmSnow/ DTR NY Shootout
and this will be a great year to attend.

Once again, share these DTR HP numbers with the masses, but please no cutting and
pasting of this technical data.
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