Exhaust |

Anatomy

Part 2: Step on the gas
£3 by Doug Meilson

*To achieve maximum power output Trom a fres-fowing
performance exhaust, It must be engineered a3a complate system
irom mandold o mutfhars. As preliminary measurements on the Audi
RE54 and BMW ES2 M3 in part one showed, seach componant has its
awr Dackpressure and temperaure characledstics. Thesa values must
t Laken info consideration during prodatype desalopment, as the new
syslem will change these characterstics, Temperiurg data, afthough
not &3 entical, B also otilged to account for matenial expansion and to
minimize pressure changes

The main goal In pratotyping & to reduce backpressure, whils a1 the
sama time maintaining or increasing exhaust gas volocity. Devalopment
begins ot the mufflers and works back teward the aylinder head. This
resulis in & peflormance axhaust that bolts directly 1o the DEM system,
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(Left) A nice, pristine 400-CP1 E46 M3 QOEM catalyst bofore being
abused at the vack { Right) A nasty, melted 400-0F1 E46 M3 DEM
catalyst after belng abused at the trach

50 INAdVOIURL COMPanents may be repiaced separataly in o comvenisnt
modular fashion

Diecisions on which pipe diameters and component varkables are
deClated Dy: engine ype and displabement, cyfinder haad desigq, power
and orgue output, maximum rpm, camahaft timingl, and tha physical
incatian of (he engna. The process for a profotype cat-back system
begns with ihe inbncation of two or three muffler assemblies with
vaned pipe diameters and & consistent muftler unit for dyno testing. The
sysiem follows OEM routing to clear various undercaniage obstructions
Test one ARy MesiRs in E-Er';l:ih'lg il =er that ga b]iﬁ.."l'_l:- blL'ﬂEr ihan
stock by a few millimaters, but sometimes this remains unchanged.
Larger pipes will genarate mone noise, The mufiler selection B mam
critical to boackpressure changes than the plpe diameter itsell.




[Above) Inside a catabytic
owerier, in this case, a
EHWY EAG M3 Emitec LO0-CPY

| metallic catalyst

L Supersprint’s metallic catalysis
for thes BMYW E46.

i Sbep haaders for the BMW E46
1. This cutansay shows how

e Powerloop muffler twists

g ams.

LA ook Inside a
Sow-through mufiler,
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AUDI RS4: msunm EXHAUST BACK PRESSURE
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B EXHALIST ANATOMY

several diffenent dosigns with vanous cankster valumes, shapes and
mner consirucbions ans 1ested, and must it withen the original lecatson
Four or frve mufflers are (estad to determéand the ideal configaration
b & gives application, All those tested wse a Now-ihrough resonaior
bo ensure madmum power suiput-ndgna has chambers o baffles o
risfute exhaust velocity by amy significant diegree

supersgnnt cumantly uses twa different types of flow-Shrough
resonatied mafflers in arder to satisty sound level requirerments and
conform to the ghen space of 8 particular application. The first s the
louder "Sport’ single Now-through resonated design, while the second s
supersprint’s palented Poweroon” double flow-ihrough desipn. This was
devaloped to conform 1o the limited space by looping the pape twice
though the mufties housing for pddithonal nokse suppression. The langar
the exhiust path in & Aow-through resonated mulfer (whather it be a
single or doulshe fow-through design}, the queater the e, Resonotars
are deleted, wnless adailenal sound cancellation s requined o pass
the tight European sound emission 1esis,

Placemant, type and siza of catahtic converters {cats) in a modem
engne’s exhausl Sestem ane critical to performance. Like many currend
cars, both the R4 and E92 M3 hine tad pairs of DEM cais. Mosi
DEM cats an made with & cemamec (glass) structun or substrate
casting which are pron 10 damage in the extreme heat conditions of a

madified angine, of by unning ot the rece rach for extended peripgs.
Thery DES0 restict Mow due to thedr thick waits and smeall cells, typically
400 or GOGO CPSI (pelts per squane inch ), depending on the vehicle, bn
i perfaemance application, mone expensie race metallic cats shoukd
b wsed, A metallic cal uses a thin metal foll eore. The wall thickness
of each cell & greatly reduced, rmsufing in less frontal area of the core
surface, and allowing the cells to be leger [ 100 or 200 CPSI) and bass
restrictive. The heat resistance of & metakcore cat is much greater than
a cefamic equivalent. Amd matallic cats allow for improvind adhesion of
the metal cataiysts to the conk walls, critical for durability,

Superspiint uses high-gualily metaliic cats and typéically replaces the
twns pairs of restrictive OEM ceramic cats with one pair of low-restriclion
métallic cats when pratotyping, These e manuiaciuned by a Garman
supplier (Emitec/HISH, come in five diameters (93, 108, 120, 130
and 150mm) and in two cell counts (100 and 200 CPSI, The vared
dizmeters and ol caunts allaw for many velume combinations that
after the backpressure prafile throughout the system. On most modern
vethicles, the addgionsl periormance patential of the cat-back PR
t5 rathr limeted, &5 damonsiratéd by the inimial measured exhaust
Pressures at points three and four of the RS54 and E92 M3 in Rgures
one and two espactively. These pressume measmameants, especiliy
an the RS54, ame already guite dow and there's little reom for imiproed
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{Left) Evorything stops for lunch. Even work at Supersprint’s sxhaust system digitizing tabile. (Right) A first-pass prototype mulfier in the
process of being built.
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| BMW E92 M3: MEASURED EXHAUST BACK PRESSURE |

| BMW E92 M3: SS MEASURED EXHAUST BACK PRESSURE
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B EXHALIST ANATOMY

power output, Forunately, theme's encugh polental in the headar
manifodd and catalytic converter sections 1o maks the prototyping
process worthwhile.

Dyno testing two of three dlameters with a selected ol count is
ustialty sufficsent (o detarmina the optimum configuration for imprved
power and comect @misssen complianca. If an emission ermer code §f
a ‘check angine” light is activated, it is necessary 1 use tha hgher call

cownt 200 CPSI cats (mare cotalyst surlace area), as individual enging

Iypes have differing feel burn efficiencies and enging managemant
systems which must be satisfied,

Header design i one of Superspant's speciafies. The E92 M3 s
p good candidate for header prototypng—pressure values balore tha
primary cats wene in the 0.3- to 0.4-bar range at 8000 rpm, whale
the RS54 measunes 8 mone sporting 0.2 bar. With the ultimate goal
al ineneases in both temue and horsepower, the profotype Readers
are designed 1o use the available space, minbmise cunes, elimanats
any crirmps in the paping. match tube lengths (if possible), and match
exhaust pon diameters,

Twn differant pipe diarmeters for the prototype hoader are dyno-
tested 1o determing the optimum performance output to match the
engine displacement and powerband charactenisics. I somd Cases
a step header design 15 also ested, This patented design uses &

smalferciameter primarny tube that $18r% ai the exhaust port and
increases to a greater diameter 81 8 specific distance from the cylmder
mead in cne of more steps. The results of step header dyno lesis show
PRI ower gains at high revs, while at the sama time maximizing
jow-end torque. 'S 8ls0 imporant 1o 1851 the headar merge volums
and shape 1o optimize eshaust gas scovenging, Dakance, and velocity

Prototyping s an Horatioe process. Sometimes #U's nacessary 1o
further refing and m-lest cal-back mulflers after bullding the headens.
Thiz allows foe & fingl fine-tuning of the @nling system. Figures thiee
piel Podir Shioe the nes pressure profiles for the RS54 and ES2 M3
resmaciively, from the primany cats back (the headers, while designéd
for tha EB2 M3, will only ba available as part of @ full enging
perfarmance package axclusbaly from Hamann, to be released soon]
Comparing thesa pressune profiles with the stock mesults in figuns oné
and two highlights a significant reduction in backpressure (Sometimes
negative values) at test points one. two and three, The negative values
pathered ai test point two an due 1o the increased flow of 1he langer
pipe diameters, EGT changes during the dyng rins and the low
restriction metadilic cats in the nawly developed Supersprint systems,
In the final installrment, we'll descnbe (ne matenals and procesies
irvotved in manuTaciuring a perlomance eshaust System and show tha
powes improvements on the RS54 and EDZ M3. &

(Laft) A prototype mauffer showing off its muffling. (Right) Finishing the exhaust manifold port.




