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1D/0D simulations 
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CD =
ṁactual

ṁideal

0D (CD) 1D 

Measurements of CD today assume: 

!   Static valve (quasi-steady) 

!   Low pressure ratios (insensitive to 
pressure ratio) 



Objectives 

Experimentally investigate the effects on CD due to: 

!   Engine speed (valve opening time) 

!   Pressure ratio  
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Ideal mass flow 
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Subcritical: 

Choked: 

CD =
ṁactual

ṁideal

-  Throat area 

-  Throat pressure 

-  Total pressure 

-  Total temperature 

-  Ratio of specific heats 

-  Specific gas constant 

AT ! T hroat area
pT � Throat pressure

p0 � Cylinder total pressure

T0

� =
cp
cv

= 1.4

R = 287 J/kg K



Dynamic valve setup 
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Static valve setup 
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Flow 

Outlet 
Diffuser 

Cylinder 



CICERO Laboratory 
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Tank 

Compressors 

Mass-flow meter 

Vmain 

Vby-pass 

Heater 

Vsite A  

Vsite B  

ṁ
max

= 0.5 kg/s

p
max

= 500 kPa

Test section 



Time-resolved mass flow 
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V
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Expansion in the cylinder may be viewed as isentropic 

Meaning the mass in the cylinder is a function of the pressure and initial temperature 
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Time-resolved mass flow 
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n = 900 rpm

p0i = 400 kPa
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Initial pressure 
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p0i



Engine speed 
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n



Quasi-steadiness 
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Classical idea 



Quasi-steadiness 
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Classical idea 

⌧
condition

>> ⌧
geometry

>> ⌧
flow

) Quasi-steady 

Neglects the dynamics of the flow conditions 



A measure of quasi-steadiness 
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A measure of quasi-steadiness 
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Conclusions 

It has been shown that: 

!   The assumptions of quasi-steadiness and pressure-ratio 
independence do not hold  

!   CD decreases with initial pressure 

!   CD increases with engine speed 

Reference:  

M Winroth (2017) ÒOn Gas Dynamics of Exhaust ValvesÓ. Licentiate Thesis, KTH Mechanics, 
March 2017 
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ÓCharging for the futureÓ 
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Double-valve setup 
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Double-valve setup 
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Single valve 

Double valve 



Double-valve setup 
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Single valve 

Double valve 


