
Expansion Chamber Design 

Introduction 
This document gives details of how to calculate the dimensions for both double and triple 
stage diffuser expansion chambers. All the information presented was taken from the books 
‘The Basic Design of the Two Stroke Engine’ and the book ‘Design and Simulation of Two 
Stroke Engines’; both books are written by Professor G.P. Blair of Queens University Belfast, 
and published by the Society of Automotive Engineers. If you find this document interesting, 
you are well advised to read at least one of the books mentioned above, since they contain the 
author’s academic lifetime of knowledge on the two-stroke engine. 

Common Ground 
Since both designs mentioned in this document rely on data obtained from engine parameters, 
these are discussed first. 

Speed of sound in a Gas (Pressure Wave Velocity) 
One of the main parameters involved in expansion chamber design is the speed of sound, 
since this governs the speed of the pressure pulses that we use in the chamber. 
 

k0 RTa γ=
 

Where:- 
Tk is Exhaust gas temperature in 
Kelvin 
R is 287 γ is 1.4  a0 is in m/s 

 

Engine State of Tune (Brake Mean Effective Pressure ) 
Of concern now is the determination of the exhaust gas temperature in Kelvin. This is usually 
a function of the engine’s state of tune or BMEP. This value BMEP for an engine is used in 
several of the expansion chamber design parameters, and is calculated as shown. 
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Where:- 
kW is engine power, kW  (1bhp=746W) 
SVCC is swept volume, cc 
Rpm is engine speed, rpm 
BMEP is in Bar 

Average Exhaust Temperature 
Once the engine BMEP is determined, the exhaust average temperature can be calculated 
from the formula shown. This is an empirical measure based on readings taken during dyno 
run tests. 
 

BMEP0485.0
k e67.534T =  

Where:- 
Tk is Exhaust gas temperature in K 
BMEP is in Bar 

 
This formula has been calculated from the following table. 
 



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 of the exhaust is to a point on the plugging 
cone, and is given by the formula below. 
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Where:- 
Lt is tuned length, mm 
A0 is in m/s 

     Θep is exhaust duration, degrees 

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

Π
= height.width.4

EXD

 

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

Exhaust Coefficients 
There are several coefficients used in the design of the expansion chamber – these are a 
function of the engine’s state of tune. 
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BMEP0581.0
1 e9899.1K −=  

BMEP1226.0
2 e08439.0K =

 

 

 
These formulae have been interpolated from the following table. 
 
Bike Style BMEP, Bar K0 K1 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 expansion chamber is shown above. Note that the 
length of the plain pipe section LP01 includes the length of the exhaust port, i.e. LP01 is 
measured from the piston face. 

Dimension Calculation – Two Stage Diffuser 
The following table gives the dimension for the two-stage diffuser expansion chamber section 
diameters. 
 
D1 = K1.EXD D3 = K2.EXD D4 = K0.EXD 
 33.1

32 2312

12









+
=

LPLP

LP
DD  

 

 
The next table gives the dimensions for the two-stage diffuser expansion chamber section 
lengths. 
 
LP01 = 0.10LT LP12 = 0.41LT LP23 = 0.14LT 
LP34 = 0.11LT LP45 = 0.24LT LP56 = LP45 

 



Three Stage Diffuser Expansion Chamber Dimension Calculation 
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A 
poorly drawn diagram of a typical three-stage diffuser expansion chamber is shown above. 
Note that the length of the plain pipe section LP01 includes the length of the exhaust port, i.e. 
LP01 is measured from the piston face. 

Dimension Calculation – Three Stage Diffuser 
The following table gives the dimension for the two-stage diffuser expansion chamber section 
diameters. 
D1 = K1.EXD D4 = K2.EXD D5 = K0.EXD 
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Notice that two extra parameters are required for diameter calculation. These are given next. 
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Notice also that an extra Coefficient has been introduced. This Coefficient Kh is called the 
horn coefficient, with typical values between one and two. Small values of Kh are best suited 
to GP engines with narrow power bands, larger values are for wider more flexible engines. 

The next table gives the dimensions for the two-stage diffuser expansion chamber section 
lengths. 
LP01 = 0.10LT LP12 = 0.275LT LP23 = 0.183LT 
LP34 = 0.092LT LP45 = 0.11LT LP56 = 0.24LT 
LP67 = LP56   

 



End Note 
This document has provided formulae from the books mentioned in the introduction. The 
author cannot express how useful these books are for two-stroke design. All formulae are 
presented ‘as is’ with no warranty of suitability or correctness. 
The author would be interested in hearing from any builder who uses the data presented here 
for construction of their own expansion chamber. 
The author would also like to hear of other formulae currently in use for expansion chamber 
design. 
The author would also like to receive constructive criticism and pointers for errors in the text 
of the document. 
 








