RADIO CONTROL MODELS & ELECTRONICS.

"~ The tuned pipe has "‘come of age,’

‘ says Kevin Lindsey,

demgner of E.D. Powerpipes, who reveals their secrets of

operation and design

-ihe I.1u: -ILH. ihe l-r:lll.m[ design enginzees of M2 in Eist Ciermity
l.m:ulcd sl il the im|:l1:|!'1|L!!-t Taitures of the madern twossiroke, the
tned xhidust system belngdust ome of these. Muodellers were slow i elel
on o ke advintagel; 1 must lave béen one of the firss wsers {Hill
Wisnicwski of K&H Engines being the real i1} fn e "63 5o moany
appliestivng of pipes are seen in the madil warld that the ‘pipe’ s, a last,

Scomernl-ge”

The 'l.:r.:d [engity exhuust pipe ‘looky’ very stmple thoupst e wirking
_deiuibs are 50 complex a book could be wrilten on the subgeet, and vven
“then & op of the details would be unceriain or subject to debiite, By o
“conmibing Ll:mn ‘of hisic thanry, prictice] experiznee and COmaon scnse T
detnils can be condensed to o loly H}!ﬂ[llx sty thiol expleins the
preineiples gquite well, | don't wisd i the very technicy m imcesd ke me jo
Jtask over some of the ;.t.;l:r.nlu.rhln':. in Lhis I cien i.ﬂll'r-"\ih"l'ld
prw.nch with them: ' 1rv e keep s articke eead

Thixs artele is o m::ndrd tor testch the indiv il I1-;W. bir bggums 3 55 [
destymer, the intention is Lo shed some Eglt on pipes 10 ossist 17 nsing
them, I'm not suggesting that modellzrs muke their o prpes: mpes dre
bike sifeiy pins — easy lor  faetory o owke, not casy o make on aoone-

3 mndcrn pipres can, s well gs inereasang power pver o Wide fev-huind,
. n:d um r|1_115|.- d_mj :.urp“ﬂng_lz,, |r'|'lpr|1--.-|: rJ:-:-ﬂ:I""r-.'_:. 1F pz i shivse Ell.r'-’lr [iar
i -ruluml s o k\.-l..r Ifld [

L= |[|-:-:-.\ |'||

prr—tumplmus I:nu t..t:L |'n|11:. =1l:h:r |'h*n|1|r £ design Plh||=
chncentente an my own B Fower Pipes; 1 think my wrnnwuh‘hlll Fage
'|.dn.|u.1t:|l. reley 'Lnt1-:: pl':t; |ng:n-.".jj

Ad my own dnlerest i pl.‘w-. 14 ~1'|I'I'|L'Ah5|| Siezdemic 1o & futune artiele
Clive Wealler and Mike Smith will bedescribing (helr proctical experiznces
in {10 Aerohatios and "vien Racing

.inar ‘and Nmsa

The first pipes came:ta the mosdsl world a5 the Tirst 2
“idand Frivhy the “tiise. aasd Enviranment consciown, A Bappy coinesdence 1o
s Tk e puiver bt Paynot very keeis on noise. [he possthitay of
--:nmhmmg ROWET BN W il eoiss neduction in one deviel wies a chadlsnge,
‘On eurly pipes, basme n'duu.:l-'.w wi of seeondary importance, (of
..:nurfm:ru_nul TLERISCHAS, EER poe at |:|'|l|g.|: hl;.hﬁ' |n1|'|.1r1.1.r|.|. it wonld he
'l,nn;[ujmg iy disetssion of power gam and moeise reducizon, el alk
-abint pewer first, then niise.

‘Pipes for Power (and Flexibility)

usikb g wee

T|'|J.-_ [3rss rl;ii-c-l_; seen an ihe i]-.irlp ekl were g ']'\l...i:'r\.'t" |;|-L;|. were
~piactieally on- uffm:[;h:i' Ings of power gain by VECY ARrTow IJ'-I:!IJI rgv-
- ;- Demitky, Things lewve come o tong way s I.._\l:-!h Ual's Touk At pige

“r-er;.uq‘i see how rhmpc J1.1'.|:|m|1r11'.-:-;.1

Ay ihe sngle of the fromt wiraclos t:ln-. AR EA S, the |1|'1|:I'|I:-I-1 Power
Cpain poes up and tup. The uE![,ch st ds when airflow separation dcenrs

then this J,'um;r g,nnl!rnpl. aft guick i half'a degree oo much can make ali

the difference batween good ~mprmrm:n1 and niene of wll, Ha1|‘| r-t an.
play sale und keep thes angle down, we a5 hlend the wransinon hetweo
[t reservotr hoader pipe and the froat cone o cut down the chages of T
sepration, | do this on ghe Fowses Pipie snd get away witlh angles i!.lapn
thin found on most pipes.

Fig, 2

Ay e enple of e sperehirge hack cone decreases, more af the. JI.IP\'.‘t-'
chargéng high pressure wave is smophly direeted o af 1he Lailyipe, This
resuliang in Jess poswer and more dote, What | do it mabe the back come
a smathematieal shaps (1he crleularicns are too invalved mexplain hq:w:'hn
.:m.]rr fir sehieve maximem sipercharring witkou! tie fpe h-cull'l'hr!lg tisch
‘penky.

Fig. 3

W et seen IHe foner gdvanrages of biending the header pzp-c"rr-.m.l
cane iransiion sl seopening e hack cone angle now we have Lo talk
ahout the wsabbe rew band. [F vou Baidly define the three i areas of the
pige ¥ou rgidly défine the canditions i1 will work at, that is, vole rinidly.
define the optimum revs This i accepiable ona racing molor ﬁ:ﬁcml-llh a4
1.;-.m hu1 flat For the wiy we petile engines, 1§ we now hisnd i
ardws, we less rigtdly define the oplian eonditlins, Lz, we hav
rc'- _bind. This |.]1l:"i.1t'| resstle in an overall reduction of musmumn
iprerease hecanse, in this shaps Diceding a coupls of |1|||1-., 1]
credse power are tncorpited. So e overal] pawer gitn i sl il
s 1 womventinni | strripht-coned pipe. itk the rey band 1= much:
‘Mhis improved rev-band i not 1o he diregirded even for narroi.
hand nperadmn — how many of us sccurataly kmow the revs W i e
masors  at? There's no point W ﬂpln"tlhlnb a F‘I:.'I.L'r pt[‘t ﬂ'l:{lr-'t- ¥
combination on the banch g1 20000 i we could be 2,000 purin Ihe in- 'ul
revs. So we're talking shoul reafisedis power, : i

Fig. 1, Principles of tuned pipes.




; A. 5'u:r.|1:'|i|.-. '[:ﬁru:'miu_w.i![ get vou efosr ta optimum pipelength.

: T'uned LI:!'I.E,TI'IM

Prigsure pulsevelodlly . Exhuust port timing . |
TR T T

reven simpler:

‘Exinst poct iming = 165 finches)
P

S

E:: PORE pakd daming a.-u.'i‘m f millimetres)

rpm

“This Aengihiis: mcasurcd r.m-'i:“un.. -.Elgu of piston w0 the bagk cone/ il
plpc transition down. Lhr u:mn:]lm: af the exhuust minifaid and pipe,

W1I:h 71 blenufed-shipe pipe, this formula will get vou quite close enough
undermast eireamstanses; with a “peaky’ pijie you'll have 1o regaed it asa
}t:rtmgpm.nt

If the pige i hung outsde the moded in ke cold bregze, the pipe coals,
he Pressure pulse '-clucu} drops 5It,|ghl:l_'. and the tuned lengeh reduces
'iljg,hth. Comverstly, with an insidie-fuselage assembly. the tuned fenpth
IMEEEENES . ﬂugiul:. These are pretry small effects, however, no ciuse foc
un&uﬁcum_‘\:m

ln~uiraF!aur Pick-up

/16 NERFNTe gnging n.u on ‘the ground (hough some
n'.Eir:n. are d:prtmmgw ‘ngvegrate], 14 s not ot T
:  the i, so how I 1 possThle (0 set a pipe Tor fn-alr revs?

i _nllnmng gcnpml!snirnn wilk gk fairly ¢lage, In-air pickiap with @
Eriries fitch. prog s more than with o E'm'-pll:th prop. With aix inches
pltl::h the pick-up will bz around ten per fomit, rising to dboul 155 for'a
IHneE: |I1d1| piteh, Soa s ingh pitch prup. giving (20080 vn the Lround will
incrense 1oahou 13,200 in teair, 3 nine inch pieck will increass teo neierar
“Having esmblished a way ‘of getting pine length near aprimum H yom
want to), measure The stotic revs of your (intended} {iying prop. tlse the
pickup percentage 1o work oU1 YOUT i-air revs l:ltcntj;u! a faster prop an,
capablc ol staticadl iving }aur:nl:ndﬂd fr-gir reve, Gpiimise pipe Jenpth;
swap hack to vour fhving prop and off you go. Mike Smith will cipinin
in"n fitbre 'Erl'J{:Ii: fow he does this for his very suscessfol I'—J;E F"'ﬂ:m
H'.accr.

“Ticin hz: dr.'.iw.cd-l' m the Toregoitg thit the other advintsje. c-l’d :mn-_
peaky hE:ndEd—s?_m pc, Lit 'me exphiin by eeample. Back'i vh
Rk revying C) L Speed "-1'5”'."5 25 O i ey,
P pronnd, RV, N in ‘the. .m ‘But 1he.r :
_;mun.d uhtmﬂ:d with the pipe g:un in !.hl: 4T, p!l.u pn:lp l|:| A ] up:'
ipredeed @ rey difference of 6,000; neid) <3l per eent, This madle b vy
difficeltio. opernte, 10 he oy bnnd of The pipe spans in-air and On-Eround -
'-'ﬂ]ﬁ:'m!wn I:ﬁ: g0 ngch mm:r
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PipeProportion -

The length of the back cone & reluted to the exhowst pord dning: the
length of Lhe front cone 5 releted maindy (0 thie tradsfer pott Bming whiist
the length of the hoader pipe depends misaly on the exhaust 1iming. As the
exhaust port timing poes up, then the lengihs of e hack cone and leader
pipe increase at the expanse of the front cone, This means, for instance,
that if you wy to change the operuting revs of a pipe drasticiily h\
incrca-sing ar dccrﬂiing the manifotd header pipe, vou go off opriminm
proportions. Agasin a good reason {or fenclion hlending so Ih.H Fr TS U
o eritienl, How.far can ver po with nan-critical aperation” Eel's look a
& couple of eximples from my files; one.pipe is the present Siae 2o MEL
E.I}. Quiet Pipe. lh: other was an expenmeniy predecesior where the
shape blending wosn't as goad,

5o on the botter, new pipe, set for peaking a1 T4,000, we were abtiining
B paWer pize aver & rev band of dbodut 6.5M) rpm.

Pipe "Come-in’

Yaou will nerice hoth pipes evoss the line 2nd pive o powee lass helow 10-
LI b rpem. Soime |'H]'Jr:.- swap Violently from power loss to power goin at i
certain mpm, This is ‘cpme-in® and oot g partularly welcomhe foatuee,
certainky nel on A motde] whese flexibie operation is needed, ce BIC
Aerobatics. This ‘came-in’ ipm can be cafeilated from exhiaust timiikg and
transfer ummg and pipe proporticns, bt rather rhan tebl vou B to
calculate i1, 1 prefer toe smoath it out with a ble nded pipe 5o rhat we hhn.l]\.
notice i The fact that af bower tevs the pipe reduces power s ot
necessiriy bid; this reduced pawer 15 =.t:!|:||hs|:|:l 1:1. the pipe so xmadther,
ErCater pawer rﬁtm resinis; usefil forRjC throtling,

Chne st pl.'llﬂl ot "come-in.’ Some peaple thimk hecuwse thiey hear the
Ftp-c '‘come-n’ they're on peak rnwc.r, MNogirued Ionfy L iy swapped
rom power Ioss fo power paLin rhc calcufrbie ‘come-in’ rpi cng be
thossands below the caleulable ‘peai’ rpm

Tailpipe Size and 'Strangting’

I the railpipe & too small, the enging 13 al:r‘lrtj.lwi that is, it overheats
ond power drops. As the ilpipe digmeter is increpsed the enl...nc R e
overheming: i you open U up Too much, power surts deopping deeauss
mare and mone af the sseful KUpere hurpmp: presssre pulse poss ol ol 1111:
back. As the tiilpipe dizmeter increases, this exira presslTe pubse ctnission
means mofe. I‘Il:lI-Ffl.‘ i 1hﬂ£‘: lh N E'PIIIL"I!ILII'H [ Bsl ]!I{‘l'-'--ﬂ' IFI-L"JE'JM'-' with i
engine overiicating and moise reduction, which i given by 1he
following  {gcncralised) urmullu If vou can’t be bhothered  with
mathematics, it (ranslates a5 H on a ELHK te 14000 rpm 6

'_r't_l_i_]'p_ip: Brrre =
Engine apacity (in éed=rpm
: Q1008 (

ncties)

/ Thlh is satnifactory for normal, shartish tilpipes, @y one (o twis inches.
Hnwthr if wou want fe duct oot the exhaos gascs with 30 cxiEnsion tube,
increase the bore of the extending tube. by approsinmiely 50 per cent i e
on the sife side.

:Ekﬁhuﬂ?iming

/L Spred men use timings op o IRSY o mare, Raring motor bikes g
lﬂ Hl'H-'IIIl A0, l}{‘l 133 ri:-r_':rlth !15-' 1.\-4\ comnten with R C fiotoss, Vo
mify nntice this has crept up to [50°-165°. Why dacs this Telp? Wishoi o
pipe, it doesn’l. With a pipe. itdoed becisse power gain by pendent o
avaifnhle superclisrging time, which is sboor equend fo exhaost {ming
minus trepsfer fiming A fide mose sxacaly, fok aroone fadminadly
theoreticnl praph. : :

"Fig;

0 Tham 2 NG, T cuder plpe
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imak 43 gerad sksgecnber,
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The gain does start flattening off as we get near 200° hut certaanly it
séems (o mylke sense o po up to at Jeast 1807, As I'll'explain in @ minute,
though, working up 1o this slowly is 4 good idea. At the botiom end, ii i
inrereating to note that i the exhaust and transfer fimings are coual you
still get o power pain. This is-because of the separation of the ports which
gives an effective lead of the exhnust pori of sbout 87, Look-at the power
gains I'm suggesting are possible up the top end — nearly 100 perceni. Pin
serious! Welve shawn thot if you just chop & 1407 exhaust up to [60°-170°
and re-optimise the pipe, the extr power (s the praph quate well.

As the exhaust nming and power go up, the geope more and marg
dominifes the engine; ihe pipe more or fess tells the eogine where i1 is
poing to prodece peik power. Let's go off peak power; let’s lower the revs,
mot aliering pipe length, ete, [matead of first extrdcting the exhoust puses,
then pumping the header-pipe’s store of fresh fucl/oir imo the evlimder, the
superchurging pressure pulse gets buek too soon wnd ultimetely pumps
back just exhoust mses, resulting an oot bess power but also o fot lower
fuel constimption. Looking at lhIE the other way, o the revs come up {stnr
up — warmng up — picking up in the aird the fuel required increases. This
nged increases rather rapidly and may not be too obvious with modertly
timted engines where B/ C curburetter versatility cin cope, but could be
with [&07 (o [H0% timings. C/ L specdmen solved the problem with a CFS
{eentrifugal [uel switeh}, As the model goes round (asier, the increasing
centrifugnl force opens up the fuel supply mare,

AS a “pipe’ ‘comes:in® higher pressure can be tipped from the pipe or
manifold o pressurise the fuel tnnk und therefore more fuzl to the carb
and should be sufficient for engines of moederate exhaust tmings, b |
can’t tell vou whether this approdach will be adequage with 1807 + R/ C
maotors; | don't kave uny expenence; so for now all | can advise is that vou
don't go too far in medifving your motor, 1'm oot sure [ should advise vou
o modify it at &l since 130° to 1657 engines are now. on the murket, and
engines epn suller "nasties” from geinders dod files.

“This need of the pipe for more fuel ps it ‘comes-in® dpeso’t mean engines
iare extra thirsty on pipes. 1fanything, the thermal efficieney of an cngine
on a pipe is a bit betwer but reflect thet to My ten per cent laster You need 21
per cent more power, so with unalicred thermal efficiency you would be
using up fuel 2| Fer cent faster; with the cxtra (pipe] power, Yoo must
expedt to use up fuel 4 blt faster, bt probably fot s emueh as andicated
above, due 4o the improved efficiency.

Transfer Timing
Lenve alone! The peesent totiggs ol |20% w 307 are fine.

Manifolds, ete.

The best way 1o duct rases from the exhaost part to the header pipeisin
a straight ling; no corners, no changes of inside shape or eross-sectional
area, Sa on geroplane, norear-exhaus engine is poing 1o go faster than a
side-exhiust engine where the exbaust gises and pressure pulse have 1o
turn through 90°. For this and for noise and acrodymamic eleanliness
reasamny, rear-ex haust arcraft engines will slmost certainly become very
comman. S far welve muinly had ‘converted” C/ L Speed-and R/ C Pylon
Racing motors, but very soon we'll have good rear-exhamst R/ C motors
{rovm pop monulacturers. The Super Kere X 6 R/ C 1s only the start.

Engine Compression Ratio

Stpercharped engines work betier at slightly lower compression raticos,
It doesn't make 4 deamotic dilference but il vou want 1o expeninient. the
first thing to try is just an extrz gasket onder the eylinder head, This is
strictly the first sfep Becatse it just increases the I:h]‘l::lvm:ss of the sguish
band. Real aptimising invalves streétching the vertical seale of the head. |
can't be more specific about all this; 1 havent dope enough work on this
myself vet,

Fig. 7

et Dl

=utizal liuds Doy

FEE g meprvmion vls by s i sparation

Pipes forLess Noise

A few veprs ago, | was very critical of the fact that most exhaust
sifencers were quite small dieeast “epps.’ From standard proven theory and
penctice, the size of wn efficient silencer can be calvulated; and the
dimensions are quite foghtenng. An expansion chamber silencer for "GO at
12,000 rpm should be nround F2in long and two inches dinmeser.

Grudually the site 'of commercisl {nons-pipe) sileficers s inereasing (an
“udd=on" silencer mukes the wlencer effeetively higgern),

To predict how anc of these non-pipe tvpe stiencees will affect the engine
potier, You cni regard the silencer ns o mis-shipen pipe. and you canclude
that @ silencer withou pipe feptures cam oeely fose some power, Using this
approoch the other way; or silencig crileria, you can regard a pipe s o
mis-shiapei exponsion chimber silencer. From this you come to the
concluston that thelength and diameter pre guite good bui the shape is not
idenl, noise-reduction-wise, The higger the cone angles, the better. Pipe-

RADIO CONTROL MODELS & ELECTRONICS

sire expansion chambers are good {or reducing low-pitch noeise not so
good for high pitches, For them we need a small expunsion chimber — the
can il the back of ‘gilel-pipe’ svsledis,

Fig. 8

B

Two-stroke motorbikes huve been usitig this son ol pipe-silencer for
years.

If we wani 1o inerense the quietemng elficiency, we can sub-divide 1he
back chamber with buffies, ste. exch sub-chamber reducing certain piich
(Trequency) hands, We can also extend the tailpipe back into the pipe back
cone. These features are proven and used by many manufcourers, 16 you
wave a di meter at a guiet-pipe mator, vou often find higher readings
e siefe the pipe than looking down the lailpipe. High-pitch nobse goes
thraugh the side of the pipe and manifold.

Fig. 9

Thizcan be reduced with aecoustic foam lagging’ and ' or an enelosing
in the Mselipe.

A considerably more eompliceted approach than the litrle diecnst eggs
commaon & faw vears apo but it is the price we must pay [or Quietness-ples-
power. Whint his 10 he remembered s that as power goes up, prop noise
and engine noise are likely to go up, we have to iy harder on the nowse
[ront thitn the not-so-power comsciows.

Sofar Pveralked abour pipe silencers which produce large power gains,
Another approach would be to concentrate even harder on noise reduction
and compromise power gidn, that i, build wome pipe prineiples: e a
nerr-optimum expansion chamber silencer 10 prodoce maybe 4 nominal
power guin only. This looks like bemng ome of my [Gture projests,

Prop Noise

I know 1his is supposed (o be an anicle on pipes but bear with me far a
[ew moments. The usunl trend with internnl combustion engines is 10
incretse power and cperaling rpm. Qperating the prop Fasier means ligher
lp speeds which produce more prop noise and probably lower eflicency.
Some ol our competition 0% and '60% are producmgd prop b apeads up
1o about Moch U9 We can't make aecfinls well enough o g2l hegh
efficiency o these mms, S0 P'm making o plea for more piteh or blade are
or mare bipdes, nol siore T, withi ol ths extr PR Thie= rt\Lllllﬂ_I:
nose should be lower and the effictency higher. With the power) weaght
ratips of modern motors, | don't thisk the lower initsad aceeleration of a
higher pitch prop will be uniucceptable when used with o wide tev barid
pipe designed to give power jiiteases Ut more sefsible revs sueh as 've
tried to doowith 1he M [ Power Pipes.

Below: Dave Brown of the LS. A, used an £0 M N Quier Pipe on
his Pfroenix 7 aerobetic model. Dave placad second at the 1977
R/C Aerobatics Waorld Champs.
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