Polaris 850 cooling system questions—not answers.

Reflashing the Polaris 850 Patriots—done here by Precision EFI (Sebastien Guay),
Velocity Performance (Will Van Vliet and Johnny Caputo) and BCM (Boyd McGarry)
on pump gas has been effective, but has been challenging. We’ve been able to reduce the
dreaded HP fade by in some cases reversing the stock ECU’s increasing fuel flow as pipe
temperature rises. As pipe temperature rises, airflow drops which exacerbates the
enrichening of A/F mixture by the added fuel flow. By slightly leaning out fuel flow as
pipe temperature climbs, power is maintained. But the biggest challenge for all of these
savvy tuners has been making max HP for long periods of time at WOT without creating
even light, HP limiting detonation.

As stock and modified snowmobile engine power/ BMEP has increased over the years, so
has the challenge of providing adequate engine cooling to stave off detonation. This is a
good time to reread Kevin Cameron’s tech article “Turbulence Needed” posted here on
3/4/15. KC explains the function of liquid cooling in engines and the need for high
coolant velocity in removing heat from the engines, necessary to prevent the creation of
“active radicals” that can autoignite and explode from the heat and pressure rise of
normal combustion. The resulting detonation is literally a series of explosions in the
combustion chamber, which if allowed to continue, can scour away the insulating
boundary layer of air that protects engine components from 4-5000 degree F combustion
temperature. Melted spark plugs and pistons are the result. But modern engines have
sensors that detect the sound of deto (“knock’) and in response, the ECU retards timing
and adds fuel, reducing HP while cooling the combustion chamber temperature to protect
the engine.

In our 9/30/18 article on the first Polaris 850 Patriot engine tested here, we discussed the
modern “shrink wrapped” reduced volume cooling passages in the new engine that
should greatly increase coolant velocity and turbulence that would improve engine
cooling. But if actual coolant flow through the engine is compromised, the value of those
minimal-volume cooling passages is reduced.

The SuperFlow 902 dyno control and instrumentation system that we use now includes a
coolant flowmeter. When we were doing that extensive engine breakin and testing of the
new Polaris 850 engine sent here by the factory, we connected the engine directly to the
thermostatically controlled dyno cooling tower—totally bypassing the chassis plumbing
and heat exchangers. Using the cooling tower, 8’ of 1 diameter hose gravity feeds 80-
100F water to the engine coolant pump from the bottom of the cooling tower tank. Then
another 8’ of 1”” hose connects the outlet fitting at the top on the engine to the top of the
cooling tower. The coolant flowmeter is in the return fitting at the top on the cooling
tower. This is how we’ve cooled the Polaris 600 snocross race engines tested here by
Hentges Racing. In the many 1000’s of tests done on the 600 mod and stock engines,
coolant flow has always varied in direct proportion to engine speed—from @30 GPM at
7500RPM to 40 GPM at 9500RPM. But we found it very odd that the new 850 engine
flatlined coolant flow at a constant 29-32 GPM. We wondered if the coolant pump on the



new engine was cavitating and pumping aerated water, with air bubbles increasing with
RPM.

So the first time Johnny Caputo and Will Van Vliet came to experiment with their ECU
reflashing equipment on the 850 engine I asked Johnny to bring a length of clear 1 hose
to attach to the outlet of the engine so we could observe to water exiting the engine. In
this case we ran all of the coolant through the chassis heat exchangers and the dyno
cooling tower which would surely increase the friction of the total system. With this
cooling setup, coolant flow varied wildly from 5 to 10 GPM from 6500 to 8500 and it
was mostly foam flowing through the clear engine outlet hose! But was this reduced flow
the result of the length of dyno cooling hoses added to the stock chassis heat exchangers?
Johnny and Will were able to minimize the power fade and made more HP even with 5-
10 GPM of water and air cooling the engine. But could they do even better without foam-
cooling the engine? For future testing on the Polaris 850 I recommended leaving the
stock cooling system intact—avoiding added friction from the dyno cooling hoses, and
taking advantage of any stock cooling system pressure that might minimize pump
cavitation and foaming (the dyno cooling tower is open to atmosphere). We can cool the
engine with 80mph outside air blowing from the 7.5HP dyno fresh air delivery system’s
two 10” diameter air hoses.

BCM Boyd McGarry came last week to do more Polaris 850 Torque Link reflash and
component testing, and we left the stock cooling stem intact, cooling the engine with the
dyno air blowers. But when they drained the engine coolant to dyno test and tune with a
different head, the coolant was foamy, looking more like a vanilla/ lime milkshake than
clear 50/50 water/ antifreeze mixture. In the half hour it took to swap heads, the foamy
coolant saved in a plastic bottle for reuse settled down and became clear. Could the
coolant pump on the engine be cavitating even with the stock cooling system intact?
Foam surely is comparatively poor at extracting heat from properly tuned combustion
chambers, which would explain the occasional max-HP-limiting detonation that we
would experience. If that’s happening in the field, even light deto will result in HP loss
due to ECU protection.

The following coolant flow graphs were created with randomly selected dyno tests. Note
the disparity in the engine coolant flow between the bare 850 and 600 engines. If we
visualize the IQR600 coolant flow down at 6750, it looks like it would be closer to 25
GPM. Is the coolant pump on the 850 spinning faster than the 6007 Is the 850 pump
impeller larger than the 600 impeller? The head on the IQR600 has a smaller %4 outlet
hose which could be a restriction to flow, and allow cavitation and bubble-reducing
pressure in the 600 engine’s cooling passages.

There’s surely more to learn about this. If max HP on pump gas is to be achieved, engine
cooling must be optimized. Smart people are currently dealing with this, trying to
improve coolant flow and turbulence through the engine and chassis. If improvements
can be made there, then reliable horsepower can be improved as well.



Coolant flow Gallons Per Minute, engine only w/o chassis cooling system
Black Red Blue Polaris B50 Patriof, Green Gold Purple Polaris IQR 600
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