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Measuring Steam Flow can be 
Challenging
Very Hot

• 15 psig saturated steam is at approximately 250°F
• 50 psig saturated steam is at approximately 298°F
• 150 psig saturated steam is at approximately 366°F

High Velocities
• Noise
• Erosion, especially if not dry
• Damage due to water hammer

Energy Content Varies with Pressure and Temperature
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Steam Becomes Condensate

Metering condensate can be an 
option

Video and .giff courtesy Lincoln Meters;  http://www.lincolnmeter.com/



Steam Becomes Condensate

Metering condensate can be an 
option

Images courtesy Cadillac Meters; https://cadillacmeter.com/
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Potential Condensate Metering Issues

• Meter bypass open
• Check valve doesn’t  hold
• Condensate leaks
• Condensate return system 

failures
• Engineering units are wrong



Condensate Pump + Alarm Clock = Meter 
Chuck McClure



Condensate Pump + Alarm Clock = Meter 
Chuck McClure

• Each pump cycle = Known 
Volume/Mass of Condensate

• Cycles per Hour x Mass = 
Pounds per Hour 



Let’s Try It

A Few Resources
• The Technique

https://tinyurl.com/MeasureSteamWithAlarmClock
• Steam Charts and Table

https://tinyurl.com/SteamTableAndCharts
• Hourly Weather Data

https://tinyurl.com/HourlyWeatherData



Meet Our Condensate Pump

Field Notes:
• Condensate receiver dimensions

• 38” high
• 38” wide

• Level change per cycle – 3-5/8”
• Typical cycle time – 13 seconds
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• Type of Logger?



Deploying the Logger

Considerations
• Type of Logger?
• Safety?



Deploying the Logger

Considerations
• Type of Logger?
• Safety?
• Sampling Frequency?



What You Sense is What You Get; 
ZZZZZZZZZZ
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Bottom Lines

To avoid aliasing, you need to sample a process at twice the frequency of the 
fastest disturbance
At this sampling rate, the wave form:
1. Will be about the right shape
2. May be shifted in time from the actual wave form depending on where the samples were 

taken in the cycle



The Nyquist Theorem a.k.a the Sampling Theorem
The Theory Behind the Generalization



Aliasing; Also a Concern with Binary Data; An Example

• A data logger has been installed to log feed water pump operation to develop 
a boiler load profile 

• The slides that follow use a spreadsheet model to compare the number of 
pump cycles and total operating time predicted by data from a logger with the 
real time data stream
‒ The logger only knows what it sees at the time it takes its sample
‒ The logger is not averaging data between samples
‒ The logger sampling time starts out at twice the feed water pump run cycle time and is 

reduced to one third of the feed water pump run cycle time 









Bottom Lines

If the sampling rate is to slow:
1. The operating pattern predicted by the logger data will not match the actual operating 

pattern.  
That means the shape of the load profile you predicted with the logger data would not 
match the actual load profile shape



Bottom Lines

If the sampling rate is to slow:
2. The number of cycles predicted by the logger data will not match the number of cycles that 

actually happened
So, if you were assuming “X” gpm went into the boiler for each cycle based on a field test of 
the actual pump, then you would under-estimate the actual steam consumption



Bottom Lines

If the sampling rate is to slow:
3. The total run time for the pump predicted by the logger data will tend to be more than the 

actual run time   
So, if you were assuming a pump flow rate based on a pump test and then multiplying that 
flow rate by the run time to get the total gallons of water that were converted to steam over 
a given time period, the logger data would cause you to over-estimate the actual steam 
consumption







Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:
1. The number of cycles and the total run time predicted by the logger now are in agreement 

with reality
That means that you would accurately predict the steam consumption using either of those 
pieces of information along with data from a field test of the pump

Gallons per Minute x Minutes = Gallons
This assumes the flow rate is constant any times the pump runs, which is reasonable if 
the boiler pressure is steady and the head above the pump in the feed water tank does 
not vary much



Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:
1. The number of cycles and the total run time predicted by the logger now are in agreement 

with reality
That means that you would accurately predict the steam consumption using either of those 
pieces of information along with data from a field test of the pump

Gallons per Cycle x Cycles = Gallons
This assumes the on cycle for a typical feed water pump cycle is the same all the time, 
which is reasonable if the pump is controlled by a consistent level change and pumps 
at a relatively steady rate



Bottom Lines

With the sampling rate set to the value suggested by the Nyquist Theorem:
2. The operating pattern predicted by the logger data still does not match the actual operating 

pattern although it is closer.  
That means the shape of the load profile you predicted with the logger data would not 
exactly match the actual load profile shape.
‒ How close the patterns match with the sampling rate set to the Nyquist suggested value is 

generally related to when the logger samples relative to the start of a pump operating 
cycle









Bottom Lines

With the sampling rate set to a value that is significantly faster than what is 
suggested by the Nyquist Theorem:
1. The pattern predicted by the logger is a much closer match to the actual operating pattern   

That means that if you want to not only reflect the steam consumption, but also the shape of 
the load profile, then you probably want to sample faster than the Nyquist Theorem 
suggested sampling rate unless you can launch the logger so that it starts logging data 
exactly when a pump starts

For more on aliasing, see Aliasing and Other Factors Affecting the Accuracy of Field Data at 
www.Av8rDAS.Wordpress.com



Demonstration
• How to import a a logger file into 

Excel
• How to do some data validation
• How to add a second data stream
• How to find hourly weather data



Break-out Session
Given:
• The three logger files provided with 

the class materials
• The resources listed previously
• Your tremendous excitement to try 

your hand at doing this



Break-out Session
Do the following:
1. Import the two condensate pump 

files into Excel and combine 
them so the data strings are 
consecutive

2. Retrieve hourly weather data for 
St. Louis for the data range

3. Use VLOOKUP to add the 
outdoor air temperature to each 
logger data sample

4. Plot a data validation chart with 
pump cycles and outdoor air 
temperature

5. Be ready to discuss your 
observations with the class


