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AJSS Gas Turbine Tech Talk 
Fuel Control Theory   
 

Today we are going to discuss how fuel flow to a gas turbine engine is controlled.  This is at 
the heart of the gas turbine control system, maintaining the speed, power, and temperature 
of the gas turbine so that the process requirements from the driven equipment are met.  It 
also serves a critical safety function, protecting the turbine from damage.   
 
First, a fuel schedule has to be defined.  Below is a typical fuel schedule.  The control system 
must deliver fuel to the engine within this schedule requirement. In a previous Tech Talk on 
Fuel Evaluation, the engine’s fuel demand or consumption is defined in terms of energy, not 
mass or volume flow since the calorific value of gaseous fuels is variable.   

 

The schedule plots fuel flow as a function of compressor discharge pressure, which 
increases with load and gas producer speed.  The control system keeps the fuel flow 
between the red and blue lines for any pressure on the schedule.  The green line defines the 
steady state condition.  During operation between the green and red lines, the engine will 
accelerate or take on additional load.  If the flow exceeds the red line boundary, compressor 
surge will occur because this creates a condition of excessive fuel mass flow through the 
engine.  Compressor surge is a topic to be addressed in a future Tech Talk on the Bleed 
Valve and Guide Vanes.  During operation between the green and blue lines, the engine will 
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decelerate or reduce load.  If the flow is less than the blue line boundary, engine flameout 
occurs because of insufficient fuel to maintain combustion.   

The bottom of the green line defines the idle speed, below which the engine is considered 
to be in the start cycle, accelerating to idle speed.  The top of the green line defines the 
maximum steady state operating speed or temperature of the engine, beyond which the 
engine could be damaged under continuous operation. 

If fuel demand increases because the engine requires more power to meet the process 
condition, the fuel metering valve opens more and the flow increases above the green 
steady state line. When the new process condition is met, the fuel flow then returns to the 
green line at a higher flow rate and compressor discharge pressure.  If fuel demand 
decreases because the engine requires less power to meet the process condition, the fuel 
metering valve closes more and the flow decreases below the green steady state line. When 
the new process condition is met, the fuel flow then returns to the green line at a lower flow 
rate and compressor discharge pressure.   

The flow measurement is done in either volume or mass flow, therefore the fuel properties 
must be known and programmed into the controller.  It is possible to measure flow in 
energy units, but only if an on-line calorimeter or Wobbe meter is available.  This is rarely 
found on a field site.  To calculate flow, the supply temperature and pressure drop across 
the fuel metering valve must be measured.  These are simple measurements to take, but 
they must be accurate. Additionally, the metering valve is treated like a variable orifice 
whose effective flow area as a function of the valve position is known.  A typical relationship 
between valve position and effective flow area is shown below.  This is a comparison 
between two similar sized valves but with different flow characteristics. 
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The blue line represents a less favourable characteristic since it has a “flat spot” where 
relatively large change in command to the valve results in a relatively small change in 
effective flow area.  The pink line with a smoother, upward moving curve has a much better 
characteristic.  

Once this data is available, the flow can be calculated in mass or volume units using a simple 
flow equation. The equation below is not precise, it just shows the relationship between the 
measured parameters that go into the calculation.   

Q = K * Cda * dP * T/Tref 
 
Where: 
  
Q = fuel flow in mass units per unit time  
K = constant defining fuel properties and consolidating units 
Cda = effective flow area across fuel valve (variable with position) 
dP = pressure drop across fuel valve 
T = fuel temperature, Tref = reference temperature (15°C, or 288°K absolute) 

 - Calculations using temperature use absolute values. 

Engine speed and temperature set points define the limits beyond which additional fuel 
cannot be delivered, even if within the limits of the fuel schedule.  These are engine 
protection limits, or in the case of speed (power) could define a condition where a specific 
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process requirement is met such as suction pressure in a gas compressor application or kW 
in a power generation application.   

As long as no protection or process control limit is exceeded, the engine can receive 
additional fuel.  Fuel flow is always reduced once a protection limit is reached.  It can be 
continually reduced to the point where the minimum fuel requirement for combustion is 
reached.  This provides plenty of margin to keep the engine from exceeding any speed or 
temperature control limit. 

The red (maximum) and blue (minimum) lines on the fuel schedule are also programmed 
into the controller.  The fuel control will act to prevent these lines from being crossed, 
independent of any other engine protection mode.   

A simplified block diagram of the fuel control routine is shown below.  The Min gate on the 
left side processes all of the gas turbine protection and process control mode errors, speed, 
temperature, and min/max scheduled fuel flow.  Each mode has a set point that is 
compared to the process variable and multiplied by a proportional gain to determine an 
error.  The smallest error comes out of the Min gate.  Zero error denotes that the process 
variable and set point are equal.  A negative error denotes that the process variable is 
higher than the set point, requiring a reduction in fuel command.  A positive error denotes 
that the process variable is lower than the set point and the fuel command may be 
increased.   

This error then goes into a PID controller where the appropriate integral gain is selected, 
depending on which error is being used in the PID calculation.  The output of the PID is the 
metering valve position demand.  This is then input to another Min gate where it is 
compared with the controlled ramps for start and light off (this to be explained further 
below).  The smallest error comes out of this gate.  Finally, the output of this gate is 
compared to the minimum fuel schedule and the highest value comes out of this Max gate.  
A factor is applied to convert the fuel command in percent to a scaled 4-20 milliamps for the 
signal output module.  This gives the physical output to position the metering valve.   
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Now let us go through an entire gas turbine start and run cycle and see how all this works.   

During the start cycle, fuel is delivered at a controlled rate from light off to idle speed, with 
the temperature protection limit usually invoked to prevent over fuelling.  The engine is 
accelerating so the control system is demanding more fuel.  Below is a typical fuel metering 
scheme during the start cycle.  The X axis is time and the Y axis is fuel flow. 
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Fuel is introduced during the ignition cycle to provide a lean to rich transition in the 
combustor for light-off.  There is a maximum fuel flow rate into the combustor prior to light-
off, defined by the flat spot in the schedule.  Once the gas/air mixture lights off, the turbine 
temperature increases rapidly and the fuel control acts to limit the rise by using a controlled 
ramp increase in the fuel flow.  This is the second step in the schedule.   
 
Below is a chart showing a complete start cycle, from light off through acceleration to idle 
speed.  Key gas turbine parameters – engine gas producer and power turbine speed, turbine 
temperature (T5), fuel and bleed valve commands are plotted against time.  We will talk 
more about the bleed valve in a later Tech Talk session. 
 

 
On light off, the turbine temperature T5 goes to the maximum set point very quickly (pink 
line).  At this point, the fuel control must prevent this temperature from being exceeded.  
This explains the initial signal reduction and slight modulation in the fuel command (light 
blue line).  Sufficient fuel is still introduced to allow the engine to accelerate.  Observe the 
gas producer speed (Ngp - dark blue line) increasing.  The power turbine breaks away (red 
line) and the engine accelerates faster.  Once the engine comes off T5 protection mode 
control, the fuel metering valve is allowed to ramp open to accelerate the engine since 
there is no other intervening protection mode to prevent that (all process and protection 
errors are positive).  Acceleration is assisted by the closing bleed valve (0 = full open, 100 = 
full closed).   The fuel command then has to cut back to reduce acceleration and maintain 
idle speed. 
 
In a future Tech Talk post, we will see what happens when the engine is put on load and has 
to maintain a process set point. 


