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The Port Modelling 
 

In modelling a port in 1-dimensional gasdynamic simulation software certain assumptions and 
simplifications must be made. The following discusses these for the EngMod4T program. 
Other vendors might make different trade-offs but they all will have to make some. 
 

1. Description of current input data 
 
The following figure shows the input required to model an inlet port: 

 

Number of Valves: This is the number of valves per cylinder and can vary from 1 to 3. 

Cd-map: This is discussed in more detail in paragraph 2. 

Valve and Port Dimensions 

These values are straight forward. It is important to note that the software will automatically 
adjust the port diameters from the manifold diameter up to the effective throat diameter. The 
effective throat diameter is the throat diameter adjusted for the effect of the valve stem 
diameter. 
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Most modern ports have a “venturi” shape with the smallest cross sectional area at the small 
side radius at or just before the valve guide. Currently EngMod4T ignores the effect this has 
on the wave dynamics but includes it in the flow. This is explained in paragraph 2. 

 

2. Cd-Map and Flow values 

During the flow through a valve the flow is less than what the flow theoretical flow through the 
open area would have been. The ratio of the measured flow to the theoretical flow is known 
as the “coefficient of discharge” and is usually abbreviated as Cd. This Cd value is a function 
of how far the valve is open and the pressure ratio across the valve. If we create a map of the 
Cd as a function of both the valve open ratio and the pressure ratio we end up with a typical 
Cd map as shown in the next figure (the often used 28” of water pressure used on a flow 
bench gives a pressure ratio of 1.07 which is very slightly above the x axis). 

 (from SAE2001-01-1798): 

 

The Cd value is actually of the complete port and takes the losses through the “venturi”, the 
flow around the short side radius and around the valve guide and valve stem into 
consideration as well as the valve seat and valve masking effects. This map is one of the 
inputs into EngMod4T and that is why it is stated EngMod4T takes the flow loss into of the 
smallest cross sectional area into consideration irrespective of where it is. 
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The following figure shows how the flow through the valve opening migrates as a function of 
pressure ratio, lift and engine rpm. It is clear that the flow on an engine spends very little time 
at the 28” line (1.07). 

 

Very few people have the facilities to measure a port to construct a Cd map. Getting just the 
Cd value at a specific pressure ratio (i.e. at 28” of water on a flow bench) is a lot more 
common. Because of this there are three ways in EngMod4T to describe the flow through a 
port and valve combination: 

1) If no flow data is available the user selects the most appropriate type of flow. 
2) If flow bench data is available this data is used to construct a Cd-map 
3) Import a full Cd map 
 

For case 1 a number of Cd maps for 1, 2 and 3 valve heads ranging from severely masked to 
fully free flow has been included in the software to allow the user a choice of what he thinks 
approximates his engine best. 

When a port is measured on a flow bench and the Cd value for each valve lift at a specific 
pressure ratio is known this Cd curve is used to modify an existing Cd map to closely 
approximate the map for that port. 

If the user has access to fully prepared Cd maps he can import those directly. (Case 3) 
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4. Summary 

 

From this brief discussion we conclude that to improve the accuracy of the simulation we 
need to at least do the following: 

1) Have a measured Cd value from which to modify a Cd map; or 
2) Import an actual Cd map. 


