TEST RESULTS

The second production V-Max 4 in Canada be-
longs Bill Deviin, owner of Arnprior Sportiand
(Yamaha dealer) near Ottawa, Ontario. The day
after it was delivered to him, he brought it here for
analysis.

The dyno data is given at crankshaft speed: the
two percent underdriven engine output shaft (that
carries the drive clutch) actually spins 7840 RPM at
a crankshaft speed of 8000. Instead of 130.4 horse-
power and 85.6 ft/lbs. of torque that is indicated
at 8000 RPM at the crankshaft, the output shaft ex-
erts 87.3 ft/lbs. at 7840 RPM, which equals the
same 130.4 horsepower. Because the V-Max 4's
tachometer reads in crankshaft speed, we've opt-
ed to give our dyno results based upon what the
crankshaft is doing.

The 33mm Mikuni fiatslide carbs on the V-Max 4
use N102/221 style main jets. These are the small,
round Jets like those used in stock Phazer carbs.
Main jet changing is a bit of a hassle; the airbox
should be unbolted and removed, and the rack of
carbs must be pulled free of the engine for main
jet access. Also, a screwdriver must be used 1o re-
move and Install the slotted main jets, a clumsy sit-
uation at best. Fortunately, there is amazingly
good access to the bellypan beneath the engine,
facilitating retrieval of dropped main jets. If you
accidentally push the needle jet up out of place
while installing the main Jets, there is no way of
teling where the needie jet alignment pin slot is.
The part of the needle jet that protrudes into the
carb venturl has no markings, orfices, or steps.
making reinsertion a hunt and peck affair.

Someone will certainly design a slotted jet
changing tool. After a bit of practice, we were
able to change mains in about five minutes.

Similar looking, racked RS series Mikuni flatslide
motorcycle carbs have their needle jets threaded

into the carb bodies from below. Changing the RS
series needle jets Is as easy as changing mains,
without removing the slides. Unfortunately for
tinkerers, changing the needie jets on the V-Max 4
is more of an ordeal; the needle jets drop In from
the top. so the slides must be removed for access.
This requires unbolting the rack and rack linkage
with a special Mikuni hex key. Without that tool,
you may go out of your mind. It's about as
cumbersome as changing the needle clip position
on a standard Mikuki 38mm flatslide. Times four.

More fortunately for tinkerers, the needle jets will
probably never have to be changed. unless the
airbox is gutted.

Gutting the airbox on the stock V-Max 4 required
the installation of much larger needle jets and
main Jets. It ailso resulted in almost no increase in
aiflow and horsepower with the stock carburetors
and stock pipes. This is similar to what we found
with the Exciter Il airbox in Vol. 3 #1. it is quiet and
very adequate for the stock engine.

The carbs come with 140 main jets. Using our
Mikuni slide rule as a guide we Installed 130 main
jets to compensate for our 68 degree F Carb Air
Temperature. The foam on top of each of the twin
airbox openings was left in place. As we can see
from the mid to low .60’s BSFC. the factory jetting is
quite close. V-Max 4 owners won't need to make
major carburetion adjustments for good perfor-
mance.

We used VP C10 unleaded 100 octane gasoline
for our test. Like the previous V-Max twin and §70
Exciter, Yamaha engineers elected to inject the
engine oil into the fuel pumps (where it will reach
the engine from 10-30 seconds after it‘s injected).
So. we elected to premix our gasoline with oil for
the dyno test. -




continued

Yamaha is (for now, anyway) in the lead of the
muscle-sied stock horsepower "race”. How wiil
this al-new chassis put the power to the
ground? We'll have to wait and see.

1992 YAMAHA VMAX 4 130 MJ

Data for 29.92 inches Hg. 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .65 Barometer: 30.18

RPM  CBT CBHP FUEL AIR A/F BSFC CAT

6750 742 954 681 1816 122 .73 68
7000 812 1082 69.1 1930 128 465 68
7250 848 1171 707 2008 130 .62 69
7500 866 1237 737 2052 130 .61 68
7750 87.1 1285 .757 2148 130 .60 68
8000 856 1304 797 217.2 126 .63 68
8250 802 1260 806 2188 124 66 68
8500 725 1173 829 2216 122 .72 68
8750 637 106.1 808 2246 128 .78 68
9000 434 744 798 2282 132 1.10 68

140hp

130hp

120hp

110hp

10Chp

/

46500 rpm 7000 rpm 7500 rpm 8000 rpm 8500 rpm 9000 rpm

90hp

PRESENT DURING TEST: Terry Miller, Scott Norine,
Jim Czekala

Terry Miller had just taken delivery of a new 1992 carbu-
reted Indy 650, and he brought the engine to the dyno
s0 we could check out our new Starting Line Products
stock engine friple pipes.

Visually, the SLP stock engine triple pipes ditfer from the
previous pipes by the "650-S° inscribed on each header
pipe.

We also had purchased a new set of Decker triple pipes,
and wanted to compare them as well. Our original
Decker pipes. purchased In 1989, had metal "DRE* in-
signias tack welded to the pipes’ center sections. The
new Decker pipes have "Decker" stamped directly into
the sheet metal of the pipes.

We alsoran the same PSI Trall Blaster pipes that we tested
previously on Scott Norine’s engine.

We tested the engine with the airbox gutted, stock nee-
die jets, and main jets that would glve us a safe BSFC of

After a short breakin period on Teny’s new engine. we
ran several intial baseline tests, and found that the
torque and horsepower were down, compared to most
of the other "02° engines that we have dyno tested. We

found the timing to be severely retarded. even though
the stator plate was aligned correctly, and  the flywhesl
was degreed properly. Either there was a bit more retard
in this CDI box, or the stator plate and flywheel were
causing the engine to fire late. This may sound strange.
but the amount of retard seemed to change as the tim-
ing was advanced (?).

At any rate, we “rolled* the stator plate, eventually tak-
ing it almost to the end of the adjustment siots counter-
clockwise.

This Is not the first fime we’ve seen this. We've had to roll
the stator plates In four or five of the 20 or so mod 02
englnes that we have tested to date Iin order to get the
good horsepower they are capable of prooducing.
Gene Hurn, Jim Appolson, Jery Noack. and Rob
Schooping have all run into this phenomenon on the
dyno. And, | would be wiling to bet that Kelly Sweet's
650 "02" stocker (Vol 3 #2) that was a bit down on power,
has retarded top end timing.

All of the stock or modified "01" engines that we’ve ever
tested made the best horsepower with the timing marks
stock, or advanced maybe one degree.

After we finished our test session, Terry installed a set of
*Splitfire” sparkplugs in the engline (advertised to do won-
derful things) and there was no change In the engine’s
torque., horsepower, fuel consumption, or anything else.




1992 STOCK INDY 650--230 MJ-- STOCK PIPE
GUT AIRBOX--STOCK TIMING

Data for 29.92 inches Hg. 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750
Vapor Pressure: .55 Barometer: 30.63

RPM

7000
7250
7500
7750
8000
8250
8500

1992 STOCK INDY 650-- 230 MJ--STOCK PIPE

CBr

624
63.9
65.3
65.3
649
634
59.8

CBHP FUEL AIR

83.2
88.2
93.3
9.4
98.9
9.6
96.8

574
623
64.7
64.6
65.9
66.7
65.9

177.1
182.7
184.9
186.8
186.6
186.3
188.3

GUT AIRBOX--CORRECT TIMING

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .55 Barometer: 30.65

RPM

7000
7250
7500
7750
8000
8250
8500
8750

1992 STOCK INDY 650--230MJ--GUT AIRBOX--1989 DRE PIPES
Data for 29.92 inches Hg. 60 F dry air

CBr

65.5
67.7
68.5
68.3
674
65.3

614

57.7

CBHP

87.3
93.5
97.8
100.8
102.7
1026
94
96.1

FUEL AR

56.5
63.5
66.5
654
66.9
65.1
66.4
674

181.1
185.9
186.7
188.2
188.9
189.2
189.3
188.8

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .55 Barometer: 30.66

RPM

7000
7250
7500
7750
8000
8250
8500
8750
9000
9250
9500

1992 STOCK INDY 650--230 MJ GUT AIRBOX--1992 DRE PIPES
Data for 29.92 inches Hg. 60 F dry air

CBT

66.6
67.8
68.8
69.8
69.6
AR
71.8
79
71.8
AR
65.5

CBHP

88.8

93.6

98.2
103.0
106.0
1120
116.2
119.8
123.0
125.2
1185

FUEL AR

59.8
65.1
670
660
67.2
69.5
70.6
740
750
758
745

193.0
1954
196.0
195.7
1954
195.6
299.3
200.7
204.2
207.1
2059

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .55 Barometer: 30.66

RPM

7000
7250
7500
7750
8000
8250
8500
8750
9000
9250
9500

CBr

65.0
66.2
67.3
68.7
608
AKX
710
71.8
733
722
67.3

CBHP FUEL AIR

86.6

914

96.1
1014
106.3
1120
1149
119.6
1256
127.2
1217

58.8
63.9
674
67.2
67.6
69.8
705
73.1
743
76.2
774

1934
195.7
197.1
197.5
196.8
197.5
2004
2020
2054
209.7
209.9

AJF

14.2
13.5
13.1
13.3
13.0
12.8
13.1

A/F

147
134
129
13.2
13.0
13.3
13.1
129

AJF

14.8
13.8
134
13.6
134
129
13.0
125
12.5
12.5
127

A/F

15.1
14.1
13.4
13.5
134
130
13.1
127
127
12,6
125

BSFC CAT
6 69
71 69
JO 69
&7 &9
67 70
67 70
68 69

BSFC CAT
S 7N
68 70
68 7
65 7
6 7N
64 7
67 N
A 71

BSFC CAT
68 71
JOo 72
& 70
s 7N
64 70
62 Al
61 70
62 72
61 71
61 70
63 70

BSFC

68
Jo
70

62
61
59

71
Al

69

71
70
70
70
70

1992 STOCK INDY 650--230 MJ
GUT AIRBOX---1991 SLP MOD PIPES

Data for 29.92 Inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .55 Barometer: 30.66

RPM

7000
7280
7500
7750
8000
8250
8500
8750
9000
9250
9500

car

65.0
67.1
68.6
9.6
70.2
6.6
68.7
68.2
68.0
66.9
634

CBHP

86.6

92.6

98.0
1027
106.9
109.3
11.2
113.6
116.5
17.8
N4z

FUEL AR

59.1
63.8
9.3
69.3
6.5
700
73.1
744
75.2
785
794

196.6
2003
203.2
202.6
2019
2020
2035
2059
209.7
2114
2115

1992 STOCK INDY 650--230 MJ
GUT AIRBOX---1992 SLP STOCK PIPES

Data for 29.92 inches Hg, 60 F dry alr

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750

Vapor Pressure: .55 Barometer: 30.66

RPM

7000
7250
7500
7750
8000
8250
8500
8750
9000
9250
9500

CBT

66.6
67.8
69.6
74
715
705
705
703
69.1
68.6
64.6

CBHP

88.8

93.6

9.4
105.4
108.9
110.7
114.1
7.1
1184
120.8
116.9

FUEL AR

59.8
65.5
68.1
68.1
68.0
68.2
69.6
74.2
75.2
770
775

195.6
199.5
2010
2009
198.7
1984
200.5
2049
208.0
209.8
2094

1992 STOCK INDY 650--230 MJ
PSI TRAILBLASTER PIPES

GUT AIRBOX
Data for 29.92 inches Hg. 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .750
Vapor Pressure: .55

RPM

7000
7250
7500
7750
8000
8250
8500
8750
9000
9250
9500

. CBT

654
664
67.1
69.3
704
70.8
3
729
71.6
665
513

‘Barometer: 30.65

CBHP FUEL AR

87.2
91.7
95.8
1023
107.2
1Mm.2
116.4
1215
122.7
nza
92.8

69.9
72,6
733
703
70.7
n3
70.8
728
760
77.2
75.5

1954
198.2
197.1
196.8
197.3
198.9
2020
2060
20.7
209.7
200.5

A/F

15.3
144
13.5
134
13.3
13.3
12.8
127
12.8
124
122

A/F

15.0
14.0
13.6
13.5
134
134
13.2
127
127
12.5
124

AF

12.8
125
123
129
12.8
12.8
13.1
13.0
127
125
12.2

BSFC CAT

33588R523%%

Al
72
72
72
72
7
72
73
71
72
72

BSFC CAT

RRR2QBBZSS

n
7
70
n
71
72
7
n
7
72
71

BSFC CAT

B2RBR3HETYBE

72
72
74
73
72
73
73
74
73
73
73




Arctic Cat subscribers
have been clamoring for
an EXT Special performance improvements
article.

Regardless of what you may have read in
catalogs, there’s not much available yet in the
way of aftermarket pipes for the Arctic Cat 550
EXT Special. As of August 1991, only PSI had
production pipes to ship to us.

We dyno tested a stock 1991 EXT Special, with 260
main Jets installed to compensate for the mid 70
degree Carb Air Temperature. C10 unleaded
gasoline was used during the entire test session.
The following data was obtained with the stock
pipe.

1991 EXT SPECIAL 550 STOCK COMPRESSION
STOCK AIRBOX---STOCK CYLINDERS---STOCK PIPE
38MM CARBS--260 MAIN JETS

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .70

Barometer: 30.15

RPM CBT CBHP FUEL AIR A/F BSFC CAT
§250 392 392 383 999 120 101 76
5500 412 431 381 1055 127 91 76
5750 444 486 386 1137 135 82 77
6000 480 548 455 1196 121 86 76
6250 507 603 438 1243 130 75 75
6500 526 651 479 1269 122 J6 75
6750 540 694 466 1311 129 69 75
7000 543 724 486 1349 127 49 75
7250 852 762 493 13646 127 b7 76
7500 853 790 845 1377 116 N 76
7750 556 820 523 1398 123 66 76
8000 541 824 520 1423 126 b5 75
8250 6512 804 567 1434 116 J3 75
8500 4446 722 570 1431 15 82 77
8750 329 548 564 1419 1.6 107 76

Installing the production PSI twin pipes resulted in
the following test results.

PIPE TEST
AND HOP-UP

1991 EXT SPECIAL 550 STOCK COMPRESSION
STOCK AIRBOX---STOCK CYLINDERS---PSI PIPE
38MM CARBS--260 MAIN JETS

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .80

Barometer: 30.13

RPM CBT CBHP FUEL AR A/F BSFC CAT

6250 515 613 373 1260 155 44 79
6500 662 696 490 1401 1301 .73 78
6750 576 740 514 1447 129 73 79
7000 687 782 522 1454 128 .70 79
7250 6583 805 616 1444 120 .67 78
7500 570 814 524 1430 125 .67 79
7750 573 846 550 1443 120 68 79
8000 671 870 489 149.1 140 .59 79
8250 553 869 608 1830 116 73 78
8500 440 712 596 1508 116 .88 78
8750 363 605 600 1495 114 104 77

Next, we installed the trail ported cylinders that
Starting Line Products sent us for testing. These
cylinders had the intake ports and transfers rough
finished for proper fuel atomization. The intake
bridge was fairly blunt, not *knife edged". As is the
case with shiny intake ports and transfers, "knife
edging" is a thing of the past: knowledgable
engine builders now redlize that the subsonic
airfiow present in the typical two-stroke induction
system requires blunt leading edges wherever
airflow is divided.

For those who are interested, the altered SLP port
dimensions are as follows:

*Exhaust height-31.2mm
*Exhaust width-5Tmm
*Transfer height-50.7mm
*Intake bottom-108.5mm

As is the case with any hand ported cylinders, the
contours and finish are difficult to describe, but
fairy critical to the success of the job.




with the stock heads, stock airbox, and stock pipe.

1991 EXT SPECIAL 550 STOCK COMPRESSION
STOCK AIRBOX---PORTED CYLINDERS---STOCK PIPE
38MM CARBS--260 MAIN JETS

Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Speclfic Gravity: .750

Vapor Pressure; .70 Barometer: 30.14

RPM CBT CBHP FUEL AIR A/F BSFC CAT

5500 343 359 358 1034 133 104 75
§750 382 418 352 1103 144 .88 76
6000 390 446 358 1135 146 84 75
6250 422 8.2 392 1198 140 81 75
6500 458 567 394 1248 145 72 76
6750 479 616 394 1300 151 67 74
7000 504 672 439 1389 145 68 76
7250 519 716 460 1431 143 67 76
7500 633 761 513 1480 132 70 76
775 552 815 550 1805 126 .70 77
8000 548 835 554 1510 125 &9 77
8250 521 818 579 1502 119 74 76
8500 49.1 795 582 1495 118 76 75

It was obvious that the higher flowing cylinders
might benefit from removing the baffle from the
diroox. As you may recall from our original EXT
stock evaluation in Vol 3 #1, this modification did
nothing to help the stock engine.

1991 EXT SPECIAL 550 STOCK COMPRESSION
GUT AIRBOX---PORTED CYLINDERS---STOCK PIPE
38MM CARBS--260 MAIN JETS
Data for 29.92 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .80 Barometer: 30.156

RPM CBT CBHP FUEL AIR A/F  BSFC CAT
65600 357 374 326 1308 184 9N 76
6750 386 423 311 1385 204 77 75
6000 400 457 361 1360 173 82 75
6250 424 505 395 131.7. 153 82 76
6500 464 574 416 1380 152 75 76

6760 502 645 429 1462 165 &9 75
7000 522 696 436 1506 159 65 76
7250 54.1 747 494 1558 145 69 75
7500 549 784 498 1508 147 66 76
7750 566 835 523 1639 144 65 76
8000 559 851 556 16569 137 68 73
8250 544 855 56.1 1636 134 68 76
8500 512 829 58.1 1589 126 J3 76

Next, we raised the cranking compression, Squish
clearance was reduced from 085" to .060".. This
should easily be pump gas safe for reasonable trail
riding (those who enjoy muiti-mile WOT lake runs on
*bar" gas might do well to avoid this modification).

ry
$
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1991 EXT SPECIAL 550 HIGH COMPRESSION
GUT AIRBOX---PORTED CYLINDERS---STOCK PIPE

38MM CARBS--260 MAIN JETS
Data for 29.92 inches Hg, 60 F dry alr
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .68 Barometer: 30.26

RPM CBT CBHP FUEL AIR  A/F BSFC CAT

6500 39.2 411 361 1460 186 90 72
6750 407 446 311 144 213 71 71
6000 436 498 377 1427 V4 78 7
6250 463 551 388 1414 w7 72 17
6500 479 593 408 1422 160 7 n
6750 502 645 417 14546 160 66 72
7000 544 725 465 1531 151 6 72
7250 572 790 482 15946 152 &3 72
7500 59.1 844 524 1664 146 64 71
7750 602 888 535 1692 145 62 70
8000 594 905 562 1710 140 &4 &9
8250 672 8.9 571 1732 139 65 7N
8500 53.1 859 50 1600 132 .71 73
8750 389 648 569 1624 130 90 72
Q000 265 454 559 1563 128 127 72

Starting Line Products had just completed a set of
prototype pipes (hand welded, fit to the chassis,
which would be the models for the stamped produc-
tion pipes). These were for the stock and trail mod en-
gines. Here they are on the SLP ported cylinders.

1991 EXT SPECIAL 550 HIGH COMPRESSION
GUT AIRBOX-—- PORTED CYLINDERS—SLP PIPES

38MM CARBS--260 MAIN JETS
Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .750

Vapor Pressure: .68 Barometer: 30.25

RPM CBT CBHP FUEL AIR  A/F BSFC CAT

6000 548 626 484 1536 146 79 73
6250 670 678 466 1523 150 71 73
6500 608 752 489 1585 149 67 72
6750 619 796 479 1614 155 62 73
7000 632 842 489 1649 165 60 72
7250 656 906 6500 1718 158 57 72
7500 673 961 560 17267 145 60 73
7780 674 995 583 1823 144 4O 70
8000 67.1 1022 621 1902 141 62 7N

8250 513 806 624 187 137 80 73
8500 390 631 610 1799 135 100 72
8750 338 563 609 1685 127 112 73

Next, we installed some 40mm carbs on the engine that,
when jetted to the same A/F ratio, provided no airflow
or horsepower increase on this engine. The stock 38mm
carbs evidently provide an ided combination of dirflow
and intake velocity that this engine needed at 8000
RPM. The data was so identical, there is no need to
show it.

nole: | Because the SLP pipes we had were profolypes, and PSi's pipes are production versions, we opled not fo show them side
by side. Suffice It fo say that the PSI pipes performed admirably on this irall porled engine. When we do oblain SLP's pro-
e duciion EXT Speckil pipes, and any others that may become available, we'll do a regular pipe shoolout. Skay kuned.
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John Hooper, owner of Hooper Racing in Goshen,
N.H. (603-863-0049) specializes in modifying Arctic
Cat engines. This particular Wildcat 700 mod en-
gine/pipe combination was used quite successful-
ly (including wins at Peterborough and Cranberry
Lake) last season by Flil oval racer Keith Young.

Using the “cut and test* method on his own com-
puterized, instrumented Stuska dyno, he came up
with this mod port spec for the 700 Wildcat. John
uses PSI pipes. modified to his own specifications,
on his engines. Starting with standard PS| 700 pipes,
he shortens the center sections and installs different
diameter header pipes. "Stinger" outlets are used.

John's porting technique includes rough finished
intake ports, with blunt leading edges.
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The basic port dimension changes are as follows:

Intcke poris- lowered 2.5mm, widened 2mm.
Exhaust poris- raised .5mm, widened o 6lmm.
Transfer porls- raised 1.5mm.

The pistons are stock Arctco, and ignition timing is
stock. Stock reeds are retained, with the stops set
at 10mm. Compression is a faily moderate 13.5-1,
which is roughly equivalent to a .030" head cut.
Squish clearance is .055", with a ‘reworked" com-
bustion chamber shape.

This engine had 46.5mm carbs, with CCO needle
jets. In each case, the engine was jetted for maxi-
mum high octane horsepower. No airbox was
used, so no airflow figures were available.




The gasoline that John uses is Phillips B33, premixed
at 32-1. Also, note that the fuel flow figures are a
bit erratic; the vibration from the big twin probably
caused some occasional float bowl frothing.
While it makes fuel flow analysis a bit difficult, the
erratic fuel flow has not proven bad enough to
cause problems on the race track.

John had recognized this potential fuel flow prob-
lem during his own dyno testing. Experimenting
with a pork-chop cut, balanced crankshaft, his
mod 700 suffered a two horsepower loss (due to
excessive crankcase windage, maybe?) in back-
to-back dyno tests, when switching from a stock
crankshaft to a smoother running, balanced unit.
John prefers to let them vibrate.

For comparison, we also tested the engine with
stock pipes and a set of PSI 700 trail pipes (using
the stock cannister) that John uses as a basis for
his mod pipes.

Finally, we Installed 14.5-1 compression heads.
They also had reworked combustion chamber
shapes, with the minimum .040 squish clearance
(running a squish tighter than that on a Wildcat
engine may result in the pistons ‘kissing" the
heads).

This would be John’s short track, or dragracing
compression. Once again, in the real word of
non-exaggerating dyno testing, 150 CBHP is a
tremendous milestone for a production-based
modified engine.

1991 700 WILDCAT 500-500 MJ CCO NJ
46.5mm CARBS
STOCK PIPES AND CANISTER

13.5-1 COMPRESSION HEADS

Data for 29.92 inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .740 pas
Vapor Pressure: .20 )
Barometer: 29.54

RPM CBT CBHP FUEL BSFC CAT

7000 731 974 674 70 47

7250 768 1060 853 81 48

7500 791 1130 93. 83 48

7750 863 1273 833 66 48

8000 870 1325 898 68 48

8250 848 1332 838 464 48

8500 738 1194 728 61 47

CONTINUED
1991 700 WILDCAT--540-540 MJ--CCO NJ

46.5mm CARBS

STANDARD PSI 700 TRAIL PIPES

Volume3 Numberé Poge7

13.5-1 COMPRESSION HEADS

Data for 29.92 inches Hg, 60 F ary air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .740
Vapor Pressure: .20
Barometer: 29.54

RPM

7000
7200
7500
7750
8000
8250
8500
8750

1991 700 WILDCAT 560-540 MJ CCONJ

CBHP

1028
126
1215
1340
1409
145.1
1406
1160

FUEL BSFC CAT
64 63 47
815 713 47
&6 74 4
®3 67 45
88 6 45
817 57 47
775 56 X
%8 & 47

46.5mm CARBS

MOD PsI PIPES

13.5-1 COMPRESSION HEADS

Data for 2992 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .740

Vapor Pressure: .20

Barometer: 29.54

RPM CBT CBHP FUEL BSFC CAT

7250 742 1024 662 & 50

7500 806 1150 &1 78 &9

770 817 1206 852 7N 80

8000 &6 13%5 876 6&H &

8250 0918 1442 834 58 49

8500 913 1478 8.1 588 50

8000 871 1451 931 &5 &

1991 700 WILDCAT 520-520 MJ CCO NJ
46.5mm CARBS MODIFED PSI PIPES

14.5-1 COMPRESSION HEADS

Data for 2992 inches Hg, 60 F dry o

Test: 100 RPM/Sec Acceleration
Fuel Soecific Gravity: .740
Vapor Pressure: .20
Barometer: 20.56

RPM

7250
7500
7790
8000
8250
8500
8750

car

735
787
83
86
924
928
889

CBHP

1015
1124
1269
1365
145.1
1502
148.1

FUEL BSFC CAT
723 72 64
&9 8 8
821 & 54
979 B3 83
&0 &0 83
876 5 &
7%9 52 83




Kevin McClure of McClure Saw and Lawn Equipment
(716-592-5212), a Polaris dedler in West Valiey, NY. was
fortunate to have received a 1992 Indy 500 EFl last yeor.
He managed to put around 1500 trai miles on it before
bringing it to the dyno.

We ran the engine here on 92 octane unleaded gaso-
line. During engine warmup, we examined the A/F ratio
and BSFC at various thiottie positions and RPM. As Kevin
predicted based upon his excellent fuel mieage and
trouble free operation on 87 octane fuel, the engine
was safely lean everywhere we looked.

The ‘92 EA 500 twin is identicdl to the previous carburet-
ed versions, with the exception of much larger intake
ports to accomodate the RX{-style 4émm thvottie bod-
ies. The transfer ports, exhaust ports and compression
are apparently unchanged. Also, the single pipe s
identical to that on the carbureted version.

Comparing this engine with the carbureted Indy 500°s
we've tested In previous issues, we can see that the top
end horsepower increase ks the result of the engine
flowing more air. This higher diffiow 5 packed into an
identical combustion chamber (we can safely assume
that most of the exira aiffiow  being frapped and
used-not "short circuiting” from the transfers to the ex-
haust port), resulting in higher running compression and
higher horsepower.

1992 STOCK INDY S00EF
Datafor 2092 inches Hg. 60 F dry ar
Test: 100 RPM/Sec Acceleration
Fuel Specific Gravity: .745

Vapor Pressre: .50

Barometer: 29.76

RPM CBT CBHP FUEL AR A

5750 364 X9 312 919 135
6000 369 422 313 923 135
6250 415 494 3H2 W10 132
6500 476 589 RS 111 129
6750 504 648 415 1180 131
7000 526 700 438 1227 129
720 537 741 458 1283 129
7500 830 757 471 1321 129
770 513 757 &2 1346 126
8000 470 716 806 1346 122

NIRBRBBUGB F
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We installed a DG single pipe on the engine, and the
engine produced the following torque and horsepower.

1992 STOCK INDY SQ0EFI DG PIPE
Data for 2992 inches Hg, 60 F dry ar
Test: 100 RPM/Sec Acceleration

Fuel Soecific Gravity: .745
Vapor Pressure: .50
Barometer: 29.76
RPM CBT CBHP FUEL AR A/F BSFC CAT
65750 6 434 N5 918 138 72 58
6000 8 455 317 934 135 72 59
6250 440 524 357 1012 130 0 61
6500 464 574 387 1066 126 &H 62
6750 485 623 402 1107 126 6 61
7000 513 684 423 1179 128 &4 &
7280 521 719 442 1228 128 63 61
7500 510 728 467 1280 126 66 61
7750 486 717 485 1295 123 & 61
' 80 &

8000 426 649 504 1300 118

MORE AIRFLOW = MORE HORSEPOWER

Compare the ‘92 engine to the stock car-
bureted ‘89 Indy 500 engine that we test-
ed in Vol 2 #1, page 2. The Relative Air Den-
sity (which aoffects qirflow) on that day was
@102 and peak airflow was 130 SCFM (stan-
dard cubic feet per minute).

Now, check out the data from the identical
‘91 carbureted Indy 500 in Vol 3 #1 page 10.
On that day the RAD was @106, and the air-
flow was 135 SCFM. This represents a 4% air-
flow increase due to the 4% "better” air.

The day we tested the ‘92 EFl 500, the RAD
was only @99, and the new engine flowed
135 SCFM at peak. Interpolating this to 102
air would give the engine 139 SCFM (a 7% in-
crease in dirflow over the ‘89 engine).

Now, interpolating the same data to the 106
air that we tested the ‘9?1 carbureted engine
in, the ‘92 EFl 500 would flow 144 SCFM.
Again, a 7% increase in airflow over the ‘91
engine.




. Ontarlo Bombardier sales
" representative Gary Potyok
would have liked to own a 1991 617 Mach 1X, but
they were so scarce that he had to make do with a
standard 617 Mach 1. Before the season began, he
sent his crankcase and cylinders to Gerard Kamik of
FAST (218-744-2101) to be modified. :

There, the crankcase was “tunnel ported" and the
rotary valve cover was reworked to shorten the
intfake tract eight milimeters. The cylinders were
modified by polishing and raising the exhaust to
32mm, and widened to 60.5mm. The fransfer ports
are at 52.6mm.

A 1989 3-wire ignition was used, with timing set ot
.080" BIC. Because Gary runs primarly on 100LL av
gas, he elected to have the head cut to a fairy high
156.7-1 compression ratio. Squish clearance wound
up at .054". Cranking pressure was 175 psi.

44mm carbs were used, with large K&N Fitters. Rotary
vaive timing was 149-79.

Gary had experimented with the RAVE adjustment in
the field, and the engine accelerated best with the
standard stiff springs, and the adjusting knobs turned
out 1/2 tumn. On the dyno, that’s where the engine
performed the best.

With the FAST twin pipes, which are designed for the
modified 617, Gary’s Mach 1 ran a best of 114 mph
(radar) on good ice. That is even more impressive
when you consider the fact that Gary is 6’5" tall, and
weighs 275 lbs.

1991 MACH [ 617 FAST MODIFIED
450-470MJ 44 CARBS FAST TWIN PIPES
149-79 ROTARY VALVE TIMING

Data for 29.92 inches Hg, 60 F dry alr

Test: 100 RPM/Sec Acceleration

Fuel Specific Grawvity: .700

Vapor Pressure: .52 Barometer: 30.21

RPM CBT CBHP FUEL BSFC CAT

7000 695 926 644 71 73
7250 695 959 666 7 70
7500 686 980 704 73 70
7780 703 1037 725 .70 72
8000 759 1156 742 66 72
8250 780 1225 774 65 72
8500 812 1314 851 66 n
8750 806 1343 871 &6 70
9000 740 1268 852 .49 72
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Gary fied 141-87 rotary vaive timing, thinking that it
might improve top end power. After this test, we revert-
ed back to the original 149-79 timing.

1991 MACH | 617 FAST MODIFIED
450-470MJ 44 CARBS FAST TWIN PIPES
141-87 ROTARY VALVE TIMING

Data for 2992 inches Hg, 60 F dry o

Test: 100 RPM/Sec Acceleration

Fuel Spedific Gravity; .700

Vapor Pressure: .52

Barometer: 30.21

RPM  CBT CBHP FUEL BSFC CAT

7000 668 890 652 75 73
7260 655 904 69.1 78 72
7500 659 941 726 79 73
7750 676 998 739 76 72
8000 759 1156 730 65 73
8250 792 1244 817 67 73
8500 812 1314 867 67 72
8750 786 1310 856 67 72
9000 69.6 1193 867 74 72

For maximum horsepower, we jetted down to 400420.
This dropped the BSFC into the high .50's.

1991 MACH 1 617 FAST MODIRED
400-420MJ 44 CARBS FAST TWIN PIPES
149-79 ROTARY VALVE TIMING

Data for 29.92 inches Hg, 40 F dry air

Test: 100 RPM/Sec Acceleration
Fuel Soedific Gravity: .7200
Vapor Pressure: .52

Barometer: 30.20

RPM CBI CBHP FUEL BSFC CAY
7000 703 937 636 .70 74
7250 716 988 674 70 72
7500 70.7 1010 680 69 73
7750 738 1089 675 63 73
8000 768 1170 69.2 60 72
8250 797 1252 719 59 n
8500 82.1 1329 755 58 73
8750 823 137.1 79.6 59 73
9000 785 1345 815 62 N

Standard factory 617 Mach 1X twin pipes were in-
stalled.

mp
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1991 MACH 1 617 FAST MODIRED We installed the stock Y-pipe and single pipe. With a
400-420MJ 44 CARBS MACH X TWIN PIPES stock engine, the stock pipe provides a relatively flat —~
149-79 ROTARY VALVE TMING torque and horsepower curve. The ported engine,

Data for 29.92 inches Hg. 60 F dry ar however, is a mismatch for the low RPM single.

Test: 100 RPM/Sec Acceleration
Fuel Spedific Gravity: .200

1991 MACH |1 617 FAST MODIFIED
Vapor Pressure: .52 Barometer: 30.17
420-440M) 44 CARBS STOCK SINGLE PIPE
RPM CBT CBHP FUEL BSFC CAT 149-79 ROTARY VALVE IMING
7000 71.1 948 566 61 75 Dota for 2992 inches Hg. cOF dry ai
Test 100 RPM/Sec Acceleration
7250 69.8 964 606 64 73
Fuel Specific Gravtty: 700
7500 737 1052 654 64 74 :
Vapor Pressure: 52
7750 777 1147 661 59 74 Baromoior 3016
8000 808 123.1 697 58 74 e
8250 817 1283 721 S8 74
8500 795 1287 746 60 75 RPM  CBI CBHP FURL BY¥C CAl
8750 760 1266 772 63 74
9000 50.1 1013 767 78 74 : 6000 685 783 610 .80 74

6250 695 827 635 79 76
. ) 6500 707 875 665 78 76
Stondard  CrankShop twin pipes, and ako the 6750 705 906 685 .78 77

CrankShop high RPM pipes were instaled. The 7000 729 972 709 75 77
Crankshop high RPM pipes were more restictive, and 7250 824 1137 729 & 76
required sightly larger jets. Lie the FAST and factory X~ />0 792 1131 778 .71 76

Pipes. they use the stock exhaust cannister After reinstaling Gary's FAST twin pipes, we repiaced the

high compression head with a stock head, milled .010".

1991 MACH 1 617 FAST MODIRED Squish clearance was 040", The compression ratio fig-
400-420M) 44 CARBS CRANK SHOP TWIN PIPES . ;
ured out to be 12-1. Note that the power peak has slid
149-79 ROTARY VALVE TMING up o 9000 RPM!
Data for 2992 inches Hg, 60 F dry air ’
Test: 100 RPM/Sec Acceleration ~
Fuel Specific Gravity: .700
Vapor Pressure: .52 Barometer: 30.16 1991 MACH | 617 FAST MODIFIED 12-1 COMPRESSION
420-440MJ 44 CARBS FAST IWIN Flll PIPES
"M BTGP RR B¥C oA 149-79 ROTARY VALVE TIMING
7000 745 993 621 64 75 Data for 29.92Inches Hg. 60 F dry ok
7260 760 1049 631 62 75 Test: 100 RPM/Sec Acceleration
7500 745 1064 655 63 75 Fuel Specific Grawty: .700
7750 753 111.1 662 .61 75 Vapor Pressure: 52 Barometer: 30.14
8000 800 1219 683 58 75
8250 812 1276 720 58 75 RPM  CBI CBHP FUEL BSFC CAT
8500 814 1317 768 60 76
8750 784 1306 786 42 75 7000 672 896 616 71 76
9000 502 80 755 90 75 7250 673 926 646 71 75
7500 675 964 666 71 76
1991 MACH 1 617 FAST MODIFIED 7750 689 101.7 667 .67 73
8000 684 1042 669 66 74
420-440MJ 44 CARBS CRANK SHOP TWIN MOD PIPES 8250 744 1169 707 62 75
149-79 ROTARY VALVE TIMING 8500 769 1245 741 61 75
Data for 2992 inches Hg, 60 F dry air 8750 790 1316 779 61 74
Test: 100 RPVY/Sec Acceleration 9000 782 1340 791 81 75
Fuel Specific Gravity: .700 9250 728 1282 815 65 75
Vapor Pressure; .52 Barometer: 30.15
We tried to purchase a set of Decker 617 pipes
RPM CBr CeP FRL BSC CAT prior to our test session. They were, however, out of
7000 719 958 619 66 75 stock.
7250 705 973 645 68 75
;?g ;;-2 }%’? 2-; 'gg ;g Also, we replaced the SkiDoo oll with some faily expen-
8000 766 1167 682 60 75 sive, special oil sold by FAST that they claimed would
8250 797 1252 745 61 76 ; give us two more ft/lb of torque. The ol performed ex- —~
8500 816 1321 787 61 75 actly ke the standard SiDoo of; Gary’s engine had
% ‘7’(‘,-‘]’ }%-2 ;‘7’-; 2{ ;g been “repeating” tests within a few tenths of a horse-

power all day, and continued to do so, even with the
*special’ ol. No difference. ks




L1 \etter that we pubished In Vol 2 #6, extoling

the vitues and drawbacks of the Middlesex
turbo systermns. He described 1o us the excellent success
he has had with both his tubocharged Indy 650, and
his favorite, the tubocharged indy 500.

Having owned an Indy 600 turbo, | was aware of the
tubo’s perfomance capabiities as wel os the
potential for fuel delivery problems.

With Kip's claim of having solved the fuel fiow problem, |
thought t would be interesting to fry a Middiesex
turbocharged Indy 500 with Forest Lake Motorsports’
electronic fuel management system.

| purchased an Indy 500 tubo kit from Mike Mazar,
owner of Middiesex Performance of Tyngsboro, Ma.
(508-215-8555).

Then, | amanged to purchase a new indy 500 Classic
from Tim Dalbec of Forest Lake Motorsports and have
Kip’s guys set it up just ke his. Kip tied to tak me into
having SLP port the cylinder the way his was, but | opted
to leave the porting stock, so we could analyze the
performance improvement of the turbo alone.

Danny Blachfelner performed much of the work on
the new Indy 500 Classic. This included instaling forged
Wiseco pistons, copper headgasket, SLP  nosecone
and nosecone radiator, hooker track, Middiesex tubo
system, and RLMS fuel system. Teny ako instalied four
colored, rectonguiar dash fights which tum on
sequentially at 5, 10, 15, and 20 PS of boost. The
manifold mounted elechic Hobb switches that control
the lights also energize the fuel system (at 5 PS) and the
electiic pump for the siide rall kube pump (at 10 PS). A
parr of dir switches mounted in the tutbo controter ine
served to raise the boost. The whole instaliation was
clean and well thought out.

MINNESOTA LAKE TESTING

Last January, | spent a weekend as a guest of Kip and
his wife Pat. On Fiday night, the guys finished the tubo
insallation and picked the track. Saturday. we spent the
day brecking in the engine and fine tuning the carbs
and tubo controler.
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Adjusting the two set screws on the turbo controller is
one key to good turbo performance. Doing it comectly
is kind of a *black art* which | stil haven't mastered. In
addition, for the controller o work properly, the carbs
must be tuned to perfection. Needlie posttion and
needie jet size are ciitical. if you're off on either, no
amount of controller adjustment wil work quite right.
Fortunately, Kip knew what he was doing, and the
controller adjustment worked out fine after a few hours
of tinkering.

The custom air toggle switches that raise turbo boost
pressure do so by bleeding off the signal to the
controller. tt's a bit complicated ( stil don't totally
understand it) but using the pressure bleed-off method
to raise the boost is convenient, atthough it seems to
delay the boost pressure rise somewhat. A stronger
controller spring, whie being more expensive ($250 for
the modification from Middiesex) results in more
instantaneous boost.

With the standard “trail” boost, our stocker generated 11
PSl (a bit high, according to Mke Mczar) of boost
pressure, and ran a bit stronger (the dyno would later
verify that) than a stock RXL With the toggle system
engaged., the new Indy 500 turbo would produce 15 P
of boost. At that level, the sled felt ike (and the dyno
would agree) a stock 02" 650 with good triple pipes.

At 15 PSl of boost, | was also getting a top end misfire,
that would be cured later on the dyno by adding three
more pounds of fuel pressure.

Kip’s modified turbo was also maxing out at 15 PS (it
had previously been running as high as 23 PS) due to
the turbo being a bit “tired". With both sleds set at 15 PY
on VP C-16 gasoline, we ran them side by side on the
lake. Then | wished that | had heeded Kip's advice to
have the engine ported! The "stocker” seemed to have
an edge inttially, due to Kip's tired turbo spooling up a
bt sower, (or was he just being mercifu?), but at
about 50 MPH, the modified 500 tubo would wak by
and away, putting at least a "boxcar” between the sleds
in a quarter mile. | can‘t imagine the modified engine at
23 PS of boost!

Now that everything was set, it was back to Westem
New York and the C&H Dyno to see what we had.
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STOCK INDY 500 TURBO DYNO SESSION

The first thing we did on the dyno was detonate a piston
because of the stale C-16 gasoine in my storage
container (see VoI 3 #3, pgs. 11 & 12). With a new piston
and fresh gasoline, the folowing dyno tests were typical
of the stock tubocharged Indy 500 engine. Keep in
mind that the stock Middiesex fuel system would
probably be adequate at the standard 11 P boost
level, which is supposed to be pump gas safe. When we
increased the boost to 15 PSl, the AUMS variable fuel
system set at 10 P over boost PR was necessary for

steady fuel delivery.

NOTE: The dyno measures boost pressure in inches Hg. A
pressure of 2 inches Hg. ks approximnately equalto 1 psi.

1991 STOCK INDY $00 TURBO

340 MJ P8 NJ STANDARD BOOST 11 psl
Data for 2992 inches Hg, 60 F dry air

Test: 100 RPM/Sec Acceleration

Fuel Specific Gramty: 710

Vapor Pressure: .26

Barometer: 30.19

RPM  CBT CBHP FUEL AR A BSFC BOOST CAT
(nHg)

6500 590 730 727 1637 103 97 2147 4]
6750 616 792 746 1754 108 92 2241 42
7000 735 981 757 208.1 126 .76 2259 41
7250 77.1 1064 734 2200 138 67 2321 39
7500 765 1092 734 2218 139 66 2356 40
7750 723 106.7 734 221.1 138 67 2269 41
8000 67.6 1030 766 2187 131 .73 2301 4
8250 624 980 77.1 2142 128 77 2281 4

1991 STOCK INDY 500 TURBO
340 MJ P8 NJ 15 LB BOOST
Data for 2992Inches Hg. 60 F dry o
Test: 100 RPM/Sec Acceleration

Fuel Specific Gravity: .710
Vapor Pressure: .26
Barometer: 30.07

RPM CBT CBHP RUEL AR AF
A (hHY

4
:
g

6750 684 879 733 1877 118 8 219 &
7000 714 952 778 1982 117 8 2276 45
7200 750 1035 782 2068 121 75 2478 4
7500 802 1145 788 2170 126 68 2657 4
7750 820 1210 776 2245 133 63 284 4
8000 823 164 775 2095 136 61 3010 4
8250 778 122 768 2289 137 62 3174 &
8500 725 1173 7356 278 142 62 3197 4
8750 645 1075 739 2190 136 68 N8& 45

NEW YORK TRAIL TESTING

We made ancther tiip to the Oid Forge, NY. area for ~

some tral riding and kake racing with the stock Indy 500
tubo. The first thing | found out about crusing the trails
with this turbo was that the needle clip position had to
be exactty right or the engine wouldn’t run ot al. If the
clip position was one step rich, the engine woud bog
and drown in fuel in the frangition from part 10 open
throttle. If the clip position was one step lean, the engine
would occasionally lean misfire and sneeze. If it was just
right, it was fine. As the temperature changed during
the day, | had 1o change the needle clip position to
keep the engine running crisply.

Running the tralls with a turbo can be fun; one leams to
dedal with the minor tubo kg by anficipating in
advance when the power is needed. The quiet,
vacuum cleaner ke ‘whoosh® of the tubo is quite
pleasant.

With the standard boost, the stock turtbo 500 runs on the
lake very respectably with comectly funed 617, 650 &
700 stockers.

Tubocharging isn't for everyone; the real enjoyment of
the turbocharged stock Indy 500 Classic is being able to
run with the big sleds, but stil have the advaniage of
being the “underdog’. But the memory of Kip’s modified
Indy 500 turtbo walizing by my stocker ingers in my mind.

FIRST CHOICE AUTO SALES’ MODIFIED INDY 500 TURBO
Late last winter, Greg Bennett of First Choice Auto Sales
in Avon, NY. (716:262929), became a Middiesex
Turbocharger sales and instaliation center. Greg s one
of the Old Forge, N.Y. lake racing fanatics that | spoke of
inVoI3 #2,pg. 2.

After having experimented with normally aspirated full
mod engines, nitrous injection, and even supercharging,
and dfter seeing how wel Gary Udinson’s Middlesex
turbo 650 mod did the previous year, Greg hopped on
the tubo bandwagon. He spent the better part of a
week with Mke Mazar, and now understands the
Middlesex systems and how to property set them up.

Poring the 650 and 500 engines specifically for
tubocharging s another area in which Greg spent
considerable time experimenting. With the help of Dave
Philips of D.P. Tool and Die in Honeoye Falls, N.Y., they
came up with some amazng mod turbo Polars
engines. Amczing not only in top end horsepower, but
ako in building immediate boost for dragracing.

Wel tuned turbo sleds typically are a bit kazy off the ine,
then build boost for a wicked top end rush. But, with a
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perfect combination of poring. jetting, controlier
adjustment, and clutching, Greg’s own rubber fracked,
ful bodied modified Indy 500 Tubo comes out of the
hole as hard ¢s the best carbureted 650-800 mods up
on Big Moose Lake.

As | was observing the festivities at Big Moose Lake,
there were a good 15 ight and heavy mod sieds that
Greg'’s 500 turbo was giving fits to in 750 feet.

Here's Greg’s modified Indy 500 turbo, at 15 PS boost
pressure, with the Middiesex fuel system. Notice that the
fuel is just crizzing Into the carburetors. This engine is on
the ragged edge. surviving this way ot boost for 750
feet. Greg might benefit from a better fuel system.

1991 MODIFIED INDY 500 TURBO

340 MJ QO NJ 15 LB BOOST
Data for 2992 Inches Hg, 60 F dry air
Test: 100 RPM/Sec Acceleration
Fuel Secific Gravity: .710

Vapor Pressure: .26

Barometer: 30.11

RPM CBT CBHP FUEL AR A/ BSFC BOOST CAT
o] (nHY

6750 821 1055 233 2275 448 22 2607 46
7000 96.1 128.1 222 2688 556 .17 20.13 46
7250 987 1362 222 2788 576 .16 2988 47
7500 999 1427 222 289.1 59.8 .15 3005 48
7750 1000 1476 222 293.1 606 .16 3015 47
8000 961 1464 O 20975 0 00 308 47
8250 89.1 1400 O 2960 0 00 3025 47
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We've dyno tuned enough turbochaged Polaris triples
to know that the standard Middiesex fuel system with its
marine "booster’ pump, usually works fine with standard
boost levels (7-10 PS). Typicaly, when bocst levels are
increased beyond that, the fuel flow of the Middiesex
system is at best emdtic, often nonexistant. As the
boost-cssisted  resistance of the needle and seats
becomes too much for the fuel pressure 10 overcome,
the engine will un for a very short time on the contents
of the float bowss, supplemented by an ematic tickle of
fuel that delays the inevitable gradual leaning out to
misfire or deto.

This is not conjecture; we've seen it many times on the
dyno. When boost levels are increased either by
changing the tubo controller spring, or interrupting the
pressure signal fo the controller, fuel fliow s
compromised. When dyno tuning tubo engines, we
always pay close aftention to the BSFC readout (the
SuperfFlow dyno measures and computes the amount
of fuel enfering the carburetors). When the boost
pressure overpowers the fuel pressure, the BSFC rapidly
drops from .60 10 .20 or lower (an absurd. number that
shows the engine is operating on the contents of the
float bowish. Then, we have but a few seconds to abort
the test before the engine leans out 10 a sneeze or
worse,

The fuel system that Kip Campbel and the guys from
Forest Lake Motor Sports use on the high boost turbos is
a high pressure EFl electic fuel pump, controled by an
adijustable boost sensing pressure reguiator. As the boost
increcses. the fuel pressure s automatically increased.
On the dyno, the Middlesex turbo engines require eight
to ten pounds of fuel pressuwe higher than boost
pressure. At 15 PSl of boost, 23-25 PSI of fuel pressure
assures smooth fuel delivery.

o - ™
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INDY 500 UPDATE

In Vol.3 #1, we tested Pete Webb's Indy 500 with bored
cabs, gutted aioox and increased compression. His
wife used it for her trall sled lost season, and had 1500
miles of frouble-free trall riding and lake racing miles.

Pete wound up cutting .025" from the head surface, be-
cause the copper headgaskets we used for testing on
the dyno wouldn’t seal consistently. He set the sled up
with his bored carts with 310 main jets, Q-4 needie jets,
and stock needies, pilots, and sides, at 20 degrees and
2000 ft. attitude. | saw the sled run in the mid nineties on
radar, on decent ice for a distance of 1/2 mile or more,
on indicated 92 octane pump gas. No detonation, no
problem.

THIS YEAR'S AMERICAN SNOWMORBILER/DYNOTECH
MUSCLE SLED SHOOTOUT

Ouwr plan is a bif different this yearThe dedlers in the Old
Forge. NY. area are going 10 police each other to
maoke sure there are no “ringers”. As a group, they will visit
each dedership to randomly select one of each “en-
trant”, among the many crated musclesieds in each
dedler's warehouse. This year, Big Moose Yama-
ha/Arctic Cat, Smith Marine SkiDoo, and Don's Polaris
will provide test sleds.

This same group wil assemble, prep, and presedl each
musclesied, and then bring them to the dyno for
breckin, certification (double-checking ther “stock-
ness), and find sedling.

Initially, we're going 1o be running the sleds absolutely
box stock, with no jetting changes, other than those
suggested by the manufacturers for temperature and
altitude. Each sled wil have an identica amount of lo-
caly purchased premium pump gas.

There’s a good chance that we’ll have & set of timing
lights this year, eiminating human error from the elapsed
time numbers. Tim Bender should be able to diive the
Sleds again (he doesn't want 1o miss the famous Van
Auken’s Inne shiimp coctal.

After our box-stock test session, we may have the
dedlers reclutch and rejet the sleds as they may deem
necessary, and run them again.

We have a few months before the Oid Forge. N.Y.
SnoDeo winter camival, So, anyone with suggestions on
how 1o make this year's shootout “perfect”, please drop
usaiine,

JIM CZEKALA

DYNOTECH CLASSIFIED PAGE

We've had many requests to start a subscribers’ classi-
fied page. So. let’s give it a shot. If you are a subscriber,
and would like 1o try seling something performance re-
lated (deds, engines, parts, etc.), send us (mail only,
please) some ad copy, and 50 cents for each large
word (check, money order, or MC/VISA only).

ASK KEVIN

Kevin Cameron suggested that it might be fun to have
subscribers direct technical questions to him, and pub-
lish his answers. Two-stroke tuning and theory are his fo-
vorite pastime, so feel free to pick his brain.

Send your technical questions o Kevin Cameron, c/o
DynoTech, P.O.Box 801, Batavia, N.Y. 14021.

TURBOCHARGING & EFI

We have one subscriber (company) out west who is
working with Injection Research Services on develop-
ing an EA turbo kit for most snowmobie performance
engines. You may have seen their snowmobie turbo
systems and dyno room shown on ‘Trucking USA" re-
cently. They have an exclusive dedl to market the IRS
systems that measure positive intake pressure. If and
when they have a kit ready for market, we'll try to get
one to test.

YAMAHA V-MAX 4 PERFORMANCE IMPROVEMEN-
TS

We’ve spent probably three weeks (and 450+ test runs)
on the dyno so far with Bender Racing and the new
Yamaha V-Max 4. Extremely promising prototype pipes
and porting specs have been developed. When the
production stuff s ready, we'll test it and publish the
results.

WANTED...MORE PROJECT TEST ENGINES!!!

Anyone who has a "one step at a time" engine project
in mind, please let me know. Start with a stock engine,
then try differently ported cyinders, carbs, various
compression ratios, head designs, etc.

Gary Potyok has a Formula Plus step-by-step factory
hopup in mind. Tim Taylor has some Polaris “02" cylinder
experiments he wants to try. Joe DiSpiito is going to
examine various combustion chamber shapes on a
700 Widcat.

Anyone else?
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cylinder head design. The object of the game is to
run the highest usable compression ratio, and to
shape the combustion chamber so we can run this
high ratio without destructive detonation. The
variables—aside from compression ratio itself--are
squish area, clearance and angle. But what
percentage of the bore area should be devoted to
squish? What should the squish clearance be? At
what angle should the squish band be cut?

Ask ten people about these variables and get ten
sefs of answers; engine guru A says 50% squish,
clearance .03¢", at twelve degrees, engine guru B
says 40%, .040" and fourteen, and so on.

Is there truth in this business, or is there only an
endless life on the dyno, trying every combination
and permutation?

For years, many tuners and engineers have
arbitrarily chosen to use 50% squish. Then, using
some arbitrary angle that approximates the outer
part of the piston--twelve to fourteen degrees
usually--they have tried

Even in an engine with no squish at all, this
compression of unburned charge means that 1-3%
of the charge Is crammed into the tiny crevice
volumes associated with the top piston ring. When
there is squish, another, far larger volume of charge
is jammed into the squish band. Both of these vol-
umes of charge will not burn near TDC because
they are so cooled by the near presence of piston
and cylinder head metal-thousands of degrees
cooler than the flame itself. Much of this hidden
away charge will eventually burn, but late in the
cycle, when the piston is well advanced into its
downstroke. It can’t expand out of the squish band
or crevice volume unti cylinder pressure falls
enough to permit it. it will burn when it does es-
cape, and contribute heat, but it will do nothing for
peak combustion pressure so it is largely wasted as
a source of power,

This is intolerable. Something must be done about it.

But what is the reason for using squish in the first
place? Maybe squish is so valuable in its own right
that we ought to accept these losses cheerfully.

various combinations of
squish clearance and
compression ratio to come
up with something that
works most of the time. This
then becomes "truth® for

Let’s go back further than
this-back to some basics
about combustion. When the spark ignites the
charge. there is a short delay while the tiny flame
nucleus grows large enough to raise cylinder
pressure measurably. Then a wrinkled, highly
convoluted flame front expands outward from this
nucleus toward the cylinder wall.

The remarkable and overlooked fact is that when
this flame has moved 80% of the distance from
sparkplug to cylinder wall, only half the charge has
been burned. As charge bums, it expands,
compressing the unbumed charge. In a
combustion chamber with a central plug. the
unburned charge is shoved outward, crowded
against the cylinder wall.

...unfortunately there is only
one way to find out what will
work; experiment near the
that engine, that tuner, efc. ed

Squish does two things.
% First, using squish allows
= us to make the main

combustion chamber

smaller, which may
~ shorten its burn time.
. Second, a jet of fast
.. moving charge is eject-
w ed from the squish

space as the piston ap-
proaches TDC. This squish velocity peaks at about
10 degrees BIDC. The extra turbulence created by
the squish clearance accelerates the flame speed
by putting extra wrinkles in the flame front, so it is
‘eating’ charge over a larger surface area.

Why is higher flame speed desirable? Mainly be-
cause detonation is a time dependent phe-
nomenon; the longer it takes to burn the charge,
the longer there is for the chemical pre-conditions
of detonation to occur, and the more likely the en-
gine is to knock. Quick, smooth combustion is what
we want,

When we increase the squish area as a percent-
Inmp
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CONTINUED
age of bore areq, we increase turbulence. The
same thing happens when we tighten up the
squish clearance. Is more turbulence always bet-
ter? No, for as we increase turbulence, we also in-
crease heat transfer from the hot combustion gas-
es to the piston and head. Adding turbulence
eventually reaches a point at which the extra pow-
er we might get from raising the compression (per-
mitted by rapid combustion) is more than offset by
rising heat loss. This effect is why a big compression
increase often helps acceleration but hurts top
speed:; the extra turbulence is useful at middle RPM
where the engine’s gas flow supplies less turbu-
lence, but it becomes harmful at top end when the
intake process supplies plenty of turbulence on its
own. Yes, you can definitely have too much turbu-
lence.

If we arbitrarily choose 50% squish, or a clearance
of .040", or whatever, we can find a workable value
for the other variables by testing. But that doesn’t
make the arbitrary initial choices correct, or opti-
mal. Where is the truth?

The truth is this; any volume of charge that is not
burned near TDC is a loss. Therefore we must re-
duce the volume of charge trapped in remote ar-
eas--without sacrificing the turbulence we need.
How must we do this? First, the squish clearance
must be reduced to the mechanical minimum--the
point at which any thinner and the piston will strike
the head. This will typically be in the range of .015'-
.025" and unfortunately there is only one way to
find out what will work; experiment near the edge.
It's not as bad as it sounds--light contact is seen as
a brigtened area on the piston, and unless you
grab a big handful of negative space, you won't
lose the engine.

The question of squish angle disappears once you
accept the idea that we want the absolute mini-
mum volume of charge trapped in the squish (or
anywhere else) near TDC. Contour the head to
match the piston—maintaining the minimum piston-
to-head clearance everywhere.

Remember that the purpose of all this is to burn
charge that would otherwise be lost in crevice and
squish spaces--and to burn it at the highest com-
pression ratio your engine can use. Keep squish
clearance at the mechanical minimum and vary
only combustion chamber volume by welding and
cutting. If the engine knocks at the compression ra-
tio you think you ought to be able to get away
with, try increasing the squish area. This means ei-
ther cutting a new head or filling the head you

have by welding, then re-machining to get a wider
squish area, then cutting the chamber to get the
compression ratio you want to test. You will have to
find the ignition timing for best torque in each test.

This is a laborious process, but it will yield results you
will ike--not like the old haphazard business of simul-
taneously changing compression ratio and squish
clearance by cufting only the gasket clearance of
the head, with your head whiding on a sparkplug
mandrel in the old Atlas lathe you bought for $50.
Join the late 20th century.

POSTSCRIPT: Engineers are doing all sorts of things to
piston rings and their grooves to get rings to live
and not stick when the ring grooves are moved
upward toward the piston crown. Moving the ring
up reduces crevice volume, as noted above.
Yamaha is reputedly plating rings with titanium
carbide, a super-hard, slippery semi-ceramic.
Honda is anodizing their ring grooves. The same
trend has existed in NASCAR racing for years; push
those rings up! Everyone is interested in ways to
cool pistons more effectively; it is when the ring
grooves reach a certain temperature level that
carbon formation and sticking occur. On diesel
engines, which compress only air, not mixed
charge, the rings are located as far down as
temperature considerations require—-crevice
volumes can’t hide any fuel. Oils containing large
percentages of detergents (such as Yamalube R)
are more resistant to sticking (and therefore to high
groove location) than are some others. Some
synthetics are highly resistant to oxidation and this
would also be more tolerany of high ring location.

The ignition delay period noted above might take
up ten or so crank degrees. Firing at the often used
ignition timing of 20 BIDC would then produce a
glowing flame just at the time that squish velocity
was peaking-10 BTDC. Maybe it all works out. st
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