Vmax4 750, big bore w/ large Garrett turbocharger/ custom turbo
system—our fourth 500 plus HP snowmobile engine.

Ice racer Justin Durand of Rice Lake WI came to DTR to prepare for next winter’s radar
runs on the frozen lakes. Justin has run well on the lakes in seasons past, and has made
huge HP on Glenn Hall’s track dyno in Gordon, WI. But he wanted to tune perfectly for
max engine HP on 120 octane VP import fuel (used successfully by many high HP two
and four stroke turbo sleds) so he and his wife Tammy drove 1000 miles to DTR to
obtain that critical tuning data, and to see exactly what RPM his HP peaked at. And the
fact that his DynoJet track HP at Glenn Hall’s shop was very high, he expected that
Glenn’s DTR record HP (almost identical to OSP Jim’s HP) was within reach.

Justin’s custom-built turbo system was a hugely oversized version of the Vmax 4
Aerocharger systems that were marketed (when I was involved with Aerodyne/
Aerocharger) back in 1992. Then, it was a huge feat to increase the HP of the Yamaha
four cylinder 750 from 130 to 200 HP with boost pressure. But the small Aerocharger 53
was tapped out airflow-wise at 210 HP at sea level on a two-stroke. So Justin being
greedier than most began with the largest Aerocharger model 66 and a home-built turbo
system, with twin aluminum airboxes wisely designed with triple the volume of the old
Aerodyne airboxes. But the model 66 Aerocharger was quickly obsoleted, maxed out at
less than 400 engine HP. So Justin turned to the new higher capacity quick-spooling
Garrett GT35R style ball bearing turbocharger that the biggest HP sleds are using today.
He uses some small electric oil pump in the sump below the turbo to circulate the small
amount of oil required to lube the ball bearings.

Since Glenn Hall spent the previous day experimenting here with methanol on his
Z1Race asphalt sled, he stayed over to help Justin tune his two-stroke big turbo the
following day. So envision D&D racer Glenn Hall, with the current DTR HP record (just
a few tenths higher than OSP), trying to help Justin Durand take his DTR HP King title!

But we had issues with fiber reed durability. Those of you who observed the test session

on DynoCams saw us struggle with too-lean pilots/ needles causing sneezing as we tried

to coax the very low compression engine (75 psi cranking compression) to rev up against
the foreign friction of the dyno absorber. Those sneezes caused the fiber Vforce reeds to

break, necessitating a 45 minute job of replacing the petals with new ones. We were able
to add enough part throttle fuel with those awful below-carb fuel screws to clear the part-
throttle sneezing, but reed issues continued to haunt Justin is his quest for perfect tuning/
DTR HP record.

Strangely, with the midrange A/F ratio dialed in acceptably, when we ran WOT through
the five second acceleration tests seemingly cleanly at 11/1 the reeds would occasionally
fail causing HP to drop during the dyno test. The reed failures were cracked petals,
missing petals, corners gone but always with signs of burning on the fractured edges!

How can reeds be burned on seemingly clean running turbo engines on boost at WOT?
There must be intermittent “fire in the hold”, or in the crankcase creating this damage



while the turbo engines are singing at high RPM at big boost. Glenn Hall offered that all
high boost reed engines often singe and damage reeds. Is it the waste spark on the
alternating cylinder at BDC firing the hot compressed mixture in the crankcase? Not
likely, since the boosted Arctic Cats have no wasted sparks and they have the same reed
burning issues. We know that all highly boosted/ N20O engines require tight plug gaps
(.020 or less) to fire without sputter at high BMEP. Could there still be intermittent
misfire that causes the crankcase mixture to light off at the wrong time? How about the
high combustion chamber heat creating red-hot sparkplug ground straps that might ignite
the compressed, hot mixture with the pistons still below the transfer ports? Or, could the
red-hot Y-pipes and divergent cone on the twin single pipes allow active radicals to
survive and wreak their havoc before the pistons close the exhaust ports (Glenn Hall,
unwisely crouching next to the right side of the sled during dyno runs to see if the
wastegate was bypassing exhaust gas, noted that the Ypipes were cherry red)? DynoTech
Research first mate and Hentges Racing team engineer Sean Ray talked about the Dragon
Fire button (shamelessly taken from me and Sean Ray and then patented by a Polaris
employee) that severely retards timing to preheat tuned pipe without boiling the engine,
creating similar reed problems. Sean also surmised that pipes tuned for max BMEP
normally aspirated might be woefully small when boosted to 4x N.A. with turbochargers,
creating strange high pressure pulse waves at the wrong time.

There is an answer here, but maybe no cure. Justin is considering reverting to stock
Yamaha Phazer 485cc fan cooled engine’s stainless steel reeds as long as they will not
severely impede intake charge flow. But if the old steel reeds drop airflow, say, 10% then
upping boost 10% can offset that with no possible burning/ chipping and power loss from
those burned fiber reed leaks. Boost is really good stuff.

If it is the red-hot sparkplug ground straps lighting off the mixture at the wrong time, then
perhaps center-fire plugs like used on Mercury outboards might eliminate the problem (if
the effective gaps are tight enough).

But while madman Glenn Hall was squatting, ear protectors on, next to the sled with his
hand over the waste gate outlet he watched the right side single pipe lift off the 3 & 4
cylinder Y pipe from high pipe pressure! Justin and Glenn were hoping to see 35 psi
boost to make 550 plus HP, but we flatlined at 30 psi regardless of wastegate setting. The
weak right hand Y pipe springs were acting like a wastegate, and by the time Glenn
discovered that we were out of reeds/ time. So here is Justin Durand’s Vmax 4, maxed
out to 30 psi that the Y pipe springs would allow. Note that airflow CFM is incredibly
high, even for the power generated. That high CFM reading may be influenced by the
large amount of exhaust escaping from the junction of the 3-4 Y pipe and the right hand
single pipe.

Justin was pleased with the fact that he made SO8HP not 499, but he knows there is more
left on the table. Here is the only test where Justin and Glenn were able to make just over
30 psi boost (note that the dyno software has been tweaked to read out psi not in.hg.).



EngSpd STPTrq STPPwr  Air1+2 FuelB BSFCB FuelP LAMAF1 BOOST

RPM Clb-ft CHp scfm Ib/hr Ib/hph psig Ratio psig
7100 226.9 306.7 967 217.8 0.759 291 13.5 18.1
7200 235.4 322.8 973 223.0 0.738 29.9 13.6 19.2
7300 250.8 348.7 982 239.8 0.734 31.6 13.6 20.7
7400 259.3 365.3 980 2427 0.709 32.8 13.5 22.0
7500 271.2 387.3 991 2473 0.682 34.5 13.5 23.8
7600 278.5 4031 1013 259.9 0.688 35.6 13.4 252
7700 288.3 422.7 1022 257.6 0.650 36.2 14.5 26.0
7800 297.8 4422 1037 264.2 0.639 38.0 14.1 27.3
7900 301.5 453.5 1029 270.5 0.638 38.6 14.6 28.0
8000 308.1 469.3 1051 2744 0.625 39.6 14.4 28.8
8100 309.2 476.8 1042 278.0 0.623 39.8 13.9 28.9
8200 311.1 485.7 1063 288.5 0.636 40.0 13.9 294
8300 313.7 495.7 1063 288.3 0.622 40.2 13.6 291
8400 310.2 496.2 1070 284.3 0.614 40.4 13.5 29.8
8500 309.5 500.9 1079 301.3 0.644 40.4 13.2 29.8
8600 307.5 503.5 1091 307.9 0.654 40.5 13.0 30.2
8700 306.6 507.9 1090 308.6 0.649 40.2 12.7 30.3
8800 300.2 503.0 1088 319.2 0.678 40.9 12.4 30.4
8900 299.3 507.1 1100 323.5 0.682 41.0 121 30.4
9000 293.6 503.0 1105 325.6 0.691 41.5 12.0 30.5
9100 280.3 485.6 1098 325.3 0.715 41.4 11.9 30.7
9200 278.5 487.8 1121 325.1 0.712 41.1 11.8 30.8
9300 271.7 481.1 1113 3201 0.711 41.2 11.8 31.0

Justin Durand's VMax 4 w/ Garrett turbocharger
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