Expansion Chamber Design

Introduction

This document gives details of how to calculatedimeensions for both double and triple
stage diffuser expansion chambers. All the inforomapresented was taken from the books
‘The Basic Design of the Two Stroke Engine’ andhbek ‘Design and Simulation of Two
Stroke Engines’; both books are written by Profe§s®. Blair of Queens University Belfast,
and published by the Society of Automotive Engise#ryou find this document interesting,
you are well advised to read at least one of tlek&onentioned above, since they contain the
author’s academic lifetime of knowledge on the stwke engine.

Common Ground

Since both designs mentioned in this documentarlgata obtained from engine parameters,
these are discussed first.

Speed of sound in a Gas (Pressure Wave Velocity)

One of the main parameters involved in expansi@mdyer design is the speed of sound,
since this governs the speed of the pressure pillaewe use in the chamber.

Where:-
Tkis Exhaust gas temperature in

a‘O — yR Tk Kelvin

Ris287 vyisl.4 aisinm/s

Engine State of Tune (Brake Mean Effective Pressure )

Of concern now is the determination of the exhgasttemperature in Kelvin. This is usually
a function of the engine’s state of tune or BMERisTvalue BMEP for an engine is used in
several of the expansion chamber design parameataids calculated as shown.

Where:-
_ 6OOOOCkW kW is engine power, kW (1bhp=746W)
B M E P— SVCC is swept volume, cc

SVCCfpm Rpm is engine speed, rpm

BMEP is in Bar

Average Exhaust Temperature

Once the engine BMEP is determined, the exhausagedemperature can be calculated
from the formula shown. This is an empirical meadwased on readings taken during dyno
run tests.

_ 0.0485BMEP  Where:-
Tk =353467e Tkis Exhaust gas temperature in K
BMEP is in Bar

This formula has been calculated from the followiaigle.



Bike BMEP, Bar Av. Exhaust Temp;C
Grand Prix Racer 11+ 650

Enduro 8 500

Roadster 5 350

Tuned Length of Exhaust

Blair's formulae assume that the tuned length efdkhaust is to a point on the plugging
cone, and is given by the formula below.

_100@&,0,,

" 12rpm

Where:-
Lt is tuned length, mm
Aoisinm/s
Oep is exhaust duration, degrees

Effective Exhaust Diameter (EXD)
This is the diameter of a pipe whose area matdtaof the exhaust port.

Where:-
EXD is effective diameter, mm
Width is port width, mm
Height is port height, mm

EXD = \/4.W|dth.he|ght

Exhaust Coefficients

There are several coefficients used in the dedigineoexpansion chamber — these are a
function of the engine’s state of tune.

K — 1 0322e—0.04988N|EP K - 1 98996-0.0581BMEP
0 . 1 — 4

K — O 0843%0.12268MEP
2 .

These formulae have been interpolated from thewviofig table.

Bike Style BMEP, Bar K | Ks K2
Enduro 8 0.7 | 1.125 2.25
Motocross 9-10 0.65

GP Racer 11+ 0.6| 1.05 3.25




Two Stage Diffuser Expansion Chamber Dimension Calculation
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A
diagram of a typical two-stage diffuser expansibarber is shown above. Note that the
length of the plain pipe section LPO1 includeslémgth of the exhaust port, i.e. LPO1 is
measured from the piston face.

Dimension Calculation — Two Stage Diffuser

The following table gives the dimension for the t8tage diffuser expansion chamber section
diameters.

D1 = Ki.EXD D3 = K2.EXD D4 = Ko.EXD
LP12 ™
D,=D;| ———
LP12+ LP23

The next table gives the dimensions for the twoestdiffuser expansion chamber section
lengths.

LPO1 =0.10k LP12=0.41k LP23 =0.14k
LP34 =0.11k LP45 = 0.24k LP56 = LP45



Three Stage Diffuser Expansion Chamber Dimension Calculation
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A
poorly drawn diagram of a typical three-stage difiluexpansion chamber is shown above.
Note that the length of the plain pipe section Lir@@ludes the length of the exhaust port, i.e.
LPO1 is measured from the piston face.

Dimension Calculation — Three Stage Diffuser

The following table gives the dimension for the tstage diffuser expansion chamber section
diameters.
D1 = Ki.EXD D4 = Ko.EXD Ds = Ko.EXD

— X — X
Dz - Dle 12 D3 - Dle 13

Notice that two extra parameters are required immeter calculation. These are given next.

Kh
X1z :( o j Log,
L12+ 123+ L34

112+123 <
X,, = Log,
112+ 23+ L34 .

Notice also that an extra Coefficient has beeméhiced. This Coefficiern is called the

horn coefficient, with typical values between ome &vo. Small values df, are best suited
to GP engines with narrow power bands, larger \&aue for wider more flexible engines.
The next table gives the dimensions for the twgetiffuser expansion chamber section

lengths.
LPO1 = 0.10k LP12 =0.275k LP23 = 0.183k
LP34 = 0.092k LP45=0.11k LP56 = 0.24k

LP67 = LP56



End Note

This document has provided formulae from the baoksationed in the introduction. The
author cannot express how useful these books ate/destroke design. All formulae are
presented ‘as is’ with no warranty of suitabilityamrrectness.

The author would be interested in hearing from lauyder who uses the data presented here
for construction of their own expansion chamber.

The author would also like to hear of other forneutairrently in use for expansion chamber

design.
The author would also like to receive constructixiicism and pointers for errors in the text

of the document.



Konstrukce vyvfuku

hvad

Tento dokument podava detailly o tom, jak vypocitat rozm ér pro dvou a thstupfiove vyfulkowe
tlumice. Viechny informace v tomto dokumentu jsou Cerpany z knihy | Zakladni design
dvoutaktnich motori™ a z knihy  Viroba a pravy dvoutaktnich motorll” napsané

prof G P Blairem z Erdlovske university v Belfastu (kdyz tak s1 11 sefefl) a v publikacich Véda
automobilniho inZenyratwi 7YY Polud najdete tento dokument zajimavwym , radime Yam , abyste
a1 precet] alespofi jednu z téchto vyie zminénych knih.

Béiny raklad

Fred tvorbou wyfuku, zminéného v tomto delumentu, ktery 12 odkazan na parametry moton,
180ou zde prvni inform ace.

Rychlost zvuku v plynném prostiedi (Rychlost tlakové viny)

Tednim zhlawnich parametri, zahrnutich ve virobg vifukového tlumide, je rychlost zwul,
protoe uréuje rychlost tlakovych tmpul s, které jsou wyuZivany we vifulu.

Edyz: -

a - RT Ty e tenlota v fakowich plynfl v Kelvinech
0 I Y k E e287 vield ag 1e v /s

Sefizeni motoru (Zpémy Vyznam Uéinného Tlaku) 77?2

Ted se budeme zabfvat ditinkem teploty wyfulkowich plynt v Eelwinech. To je vétéinou

v zévislosti na sefizeni motors nebo na ZVUT. Tato hodnota ZVUT pro mototy |8 poufita
v riznych parametrech vifulcowdch tlumiéh a jsou pofitany nasledovne

Edyz: -
600000kw KW e vykon moton, KW
{ 1bhp="46%N
SVCCI‘pm SVCC je plynul ost wifuk. plyni, co
Epmm je rvchlost motoru, mpm
EMEFP je v Barech

BMEP=




Priimérna teplota vyfukovych plynii
Pokud je stanowena VPUT motor, primérna teplota vyfukevich plynil miZe byt pofitina za
pomoci nasleduyicd vzorec:

. 0.0455 BMEP  Edyi:-
Tl-: = 534.67¢ Ty ie teplota wif plyndl v E

BMEF je v Barech
Tento vzorec muZe byt poditin z nasledujicl tabulky.
Motorka BMEP, Bary Prium. tepl wyfuk plyni, °C
arand Priz Eacer 11+ f5(0
Endura 2 S00
E oadster ] =50

Vypocet spravné délky vyfuku
Blainiv vzorec pofitd s tim, Ze spravna délka vwiful je vietng tlumiée a je dana nasleduiicim
VEOTC et

Edyz: -
1 OO(B'D®€ Ly 1e sprawmna délka, mm
— P Anievmis
G, e trvand vifulu 777, stupné

12rpm

Efektivni Priomér Vyfuku (EPV)

: : Edyz: -
EXD = \/4.Wldth.hﬁlght EFV je efektivni privmér, mm
I1

Sitkea 1e difka koncovky, mim
WVaha je vaha koncovky, mm

Vytukovy koefici enty

Zde jsou rozdilne koeficienty uZivané pfi tvorbé wyfukového tlumice

K, =21 0382e P00 K = [.0800 PR

K, = 0.08439 " 2208V

Tento vzorec je odvozen 2 nasledujici tabulky :

Druh motorky BEMEF, Bary En | K s,
Endure H B SRS | 225
Motocross 4-10 065

JP Racer 1 06 | 1.05 BB




Vipodet pro vwWnistny otvor wiukowch plymii frojstupiiové ho thimice
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jednoduchy diagram pro typicly trojstupfiovy vypustny otvor wyfuku. Podotylam, Ze delka
plancovancho wyfulku sekce LPO1 zahrnuye délku wytukoveho otvor,

Vypocet rozméril - Troj stupfiovy vypustny otvor

Masledujici tabulka dava rozmér privm éni pro trojstuptiovy wipustny otvoer vifulu.

D, =K, EXD Dy =K, EXD_ Ds =Ky EXD
— 13
D, =Dpe™ T

Tpozoriujeme, £e pro vypotet priiméru jsou tfeba dva extra parametry. Zde jsou dany dal .

I
I
Ay = il Log, —*
P12+ 123+ 1034 A

Kh
D
., <[ __£12+123 Log. | 22
I12+ 123+ 134 o

Tpozomujeme také, Ze extra koeficient byl uz zvefemén. Tento koeficient & e nazyvan
rohowy koeficient s typickou hodnotou mezt jedna a dva Mala hodnoty &5 1sou neyvhodné
pro GF motory s vzloymi hnacimi femeny Y77, vét# hodnoty jsou pro silné sl flexmbilné

tn otory.

Masledujici tabulka dava rozmeéry pro délku dvojstupfioveho vypustniho otvoru vyfuku.

LPO1 =0.10Ly LP12 =02750T LP25 =0.185Lr
LP34 =0.092Ly LP45 =011L7 LP36 = 0241
LP&7 =LF56



