
Accurate, repeatable, and reliable combustion measurements are critical for efficient operation and safety. Optimizing excess air levels 
provides a way to reduce fuel costs and harmful stack emissions, leading to reduced environmental impact and increased profits.

Increasing regulations are requiring combustion applications to reduce emissions by at least 20% in the next few years. Venturis and 
Pitot tubes have traditionally been used for air flow monitoring. However, these technologies are limited to clean, dry, and stable 
laminar air flows that are not typical in most combustion applications. In order to meet the 21st century emissions requirements, 
alternative technologies are required. 

Tel: 800.424-7356 
www.KurzInstruments.com

COMBUSTION 
APPLICATIONS

IMPROVING EFFICIENCY for

Kurz Instruments has been providing a cost-effective and efficient alternative to Venturis and Pitot Tubes 
for the last 40 years. Our air flow monitoring instrumentation has negligible pressure drop, is immune to 
plugging, and provides high accuracy over dynamic flow ranges.  This document discusses the pros and 
cons of Kurz Instruments Thermal Mass Flow Meters versus Venturis and Pitot Tubes.

Kurz Instruments provides the cost-effective and efficient alternative for 
measuring dry and condensing gases in combustion applications.



PRIMARY AIR
MEASUREMENT ACCURACY IS KEY

Air Available by
Removing Obstruction

7200 CFH (203940 M3/hr)

900 CFH (254940 M3/hr)

10800 CFH (305940 M3/hr)

11700 CFH (331440 M3/hr)

12600 CFH (356940 M3/hr)

13500 CFH (382440 M3/hr)

14400 CFH (407940 M3/hr)

15300 CFH (433440 M3/hr)

Projected Saving 
at $0.12/kWh

 

$59,343

$118,686

$178,029

$237,373

$296,716

$356,059

$415,402

$474,745

Pitot Tubes

Venturi

VENTURIS ARE  TOO EXPENSIVE

The accurate measurement of air-to-fuel ratio is critical in the 
first stage of combustion to ensure optimal fuel combustion. 
Venturis are used to condition the flow profile and generate a 
large pressure drop so that a differential pressure measurement 
can be made. The downsides to using Venturi systems are 
that the equipment and installation are expensive, the energy 
consumption required by the blower to overcome this large 
pressure drop is costly, and the low turndown ratio of 4:1.

Kurz flow meters are a highly cost-effective alternative to 
expensive custom-made Venturi systems. By eliminating 
these flow restrictors, energy and maintenance costs decrease 
substantially.

A 10% increase in primary air increases fuel usage 
by 1%. Removing an air blockage of 14400 SCFH 
caused by a Venturi results in substantial annual 

savings from reduced fuel usage.

PITOT TUBES GET PLUGGED

Single-point Pitot Tubes and averaging multipoint 
Pitots (Annubars) are a common, old differential 
pressure technology found in the primary air 
measurement to boilers and burning chambers.  
Pitots provide only a rough air measurement for  
the proper air-to-fuel ratio calculations. 

The orifice ports in Pitots are not suitable for dirty 
applications, where particulates plug the ports and 
cause measurement errors.  Additionally, errors 
caused by non-ideal or dynamic flow profiles across 
the pipe section or duct increase the inaccuracy of 
flow readings.
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FLOW PROFILE
AFFECTS ACCURACY

Kurz Instruments single-point and multipoint thermal flow 
instrumentation retain accuracy in shifting gas flow profiles 
across wide flow ranges. Kurz patented sensors are immune 
to particulates and condensation in the flow stream.

Redundant system designs using multiple SIL1 
instrumentation can satisfy a configuration to fulfill  
SIS (Safety Instrumented System) requirements for  
higher SIL ratings.

The Kurz multipoint system has no moving parts, and it is the 
only thermal meter that is highly resistant to particulate buildup 
on the sensors. There is a separate microprocessor for each 
sensor, making it the perfect solution for erratic and dynamic 
flow velocity profiles and the most accurate meter in harsh and 
dirty environments.

With Kurz multipoint systems,  
there are no upstream or downstream requirements.

ENSURE ACCURACY WITH REDUNDANCY
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Number of Sensors  Vs Accuracy at Different Velocities/Loads in Erratic Flow Profiles

The number of sensors covering the duct/pipe 
section becomes important under changing 
flow profile conditions. Adding sensors into 
the flow stream increases the ability to achieve 
higher accuracy. Reading errors decrease as 
sensor numbers increase.

500 SFPM 
1020 SFPM 
2550 SFPM

Dimension = 3’14”x 4’ 
Area = 12.56 FT2
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PITOT TUBES & ANNUBARS

KURZ FLOW METERS

Errors caused by non-ideal and dynamic flow profiles 
decrease the accuracy of the gas flow readings. 
Single-point  Pitot Tubes, no matter where the 
measurement occurs, are unable to adequately track 
erratic gas flows. Simply using multipoint Pitot Tubes 
increase potential errors by providing more ports 
that can become plugged with dirt while retaining a 
limited turn-down ratio.

Increasing the number of sensors improves 
measurement accuracy in erratic flow profiles.

Erratic/Dynamic Air FlowLaminar/Static Air Flow

KURZ MULTIPOINT SYSTEMS 
THE BEST ANSWER TO  

ERRATIC FLOW PROFILES



EXCESS AIR OPTIMIZATION IMPROVES EFFICIENCY
Operators recognize the importance of using the right Instrumentation for measuring combustion air and 
flue gases for maintaining the optimal conditions that meet operation efficiency and emissions requirements. 
By replacing inefficient or error prone Pitot Tubes, Venturis, or single-pass Ultrasonic tools with Kurz thermal 
instrumentation, it becomes much easier and more cost-effective to design and maintain your combustion  
control system while saving potentially hundreds of thousands of dollars per year in maintenance costs.   

Boiler

Combustion 
Chamber

K-BAR 2000B  
Multipoint Flow  Meters

454FTB and 454FTB-WGF  
Single-Point Flow  Meters

Isokinetic-Sampling 
Systems

O2 = 21%    
Air/Fuel Ratio
Measurement
Flow in SCFM

CO2= 7 %
O2 = 12% 
CO = 59%
Flow in SCFM

CO2= 7 %
O2 = 12% 
CO = 59%
NOx = 91 ppm
Flow SCFM

CO2= 8 %
O2 = 11% 
CO = 57%
NOx = 15 ppm
Flow SCFM

CO2= 18 %
O2 = 5 % 
CO = 57%
NOx = 15 ppm
SO2 = 
Flow SCFM

CO2= 18 %
O2 = 5 % 
CO = 57%
NOx = 15 ppm
SO2 = .5%
Flow SCFM

Series 2440 Portable 
Flow Meters

WHAT IS EXCESS AIR OPTIMIZATION? 

Oxygen (O2) and carbon monoxide (CO) concentrations are the primary indicators of combustion efficiency.

•	 Control	Primary	Air	to	the	burners
•	 Control	induced	draft	leaks	by	checking	all	air	leaks	or	drawn		
into	the	system	due	to	vacuum	caused	by	induced	drafts

•	 Control	the	amount	of	air	drawn	into	stacks	causing	stack	draft	leaks

All	carbon	in	the	fuel	converts	
into	Carbon	Dioxide	(CO2).	A	high	
concentration	of	CO	indicates	
incomplete	combustion,	while	a		
high	concentration	of	O2	suggests	
too	much	Air	through	the	primary	
intake	to	the	burners.	

The	O2	and	CO	in	the	
flue	gas	are	critical	
parameters	and	
require	monitoring	
throughout	the	
combustion	phases.

Reducing	the	Oxygen		
level	in	the	flue	gas		
from	5%	to	4%		
translates	into	an		
efficiency	gain	of		
about	2.5%.

A	0.5%		error	of	O2	
reading	(for	example,	
from	15%		to	15.5%)		
will	result	in	rise	of		
about	10%	in		
reportable	NOx.		

1% Efficiency can be worth up to $500K per year in savings.  

It is controlling and minimizing heat losses and improving combustion 
efficiency by reducing excess air to the Stoichiometric point.  
There are three ways to achieve excess air optimization:

Baghouse
(Particulate Removal)

Selective Catalytic Reduction 
(NOx Removal)

Exhaust Stack

Desulfurization
(SO2  Removal)

Primary Air

Secondary Air

COO2

CO2= 16 %
O2 = 7 % 
CO = 57%
NOx = 15 ppm
SO2 = 1.5%
Flow SCFM



There are only a few thermal 
device manufacturers capable of 
producing the instrumentation 
designed for harsh combustion 
environments. Among those, even 
fewer are capable of providing the 
fast response time required by most 
plant operators. 

TOUGH & DIRTY 
ENVIRONMENTS

Kurz is one of the pioneers in 
developing instrumentation for 
the harsh and dirty environments 
created by pulverized coal  
and fly ash at temperatures ranging 
up to 1000°F, such as in coke gas, 
blast furnace gas, and converter gas 
environments. 

Lower-priced flow instrumentation  
does not reflect a lower cost in the 
long run – for both maintenance 
requirements and safety concerns. 

A Kurz multipoint sensor after eight 
years in operation is still clean and 
responsive to the flow stream even 
when the probe support is coated  
with buildup. 

Kurz quality stands apart from other 
thermal sensors because our patented 
sensor design provides superior 
thermal control and flow sensitivity. 

Kurz sensors can withstand the  
highest temperatures  

in the industry.

Kurz has been perfecting sensors 
for over 40 years, and we back our 
reputation with a 3-year warranty  
even in harsh applications.

The high reliability and  
 accuracy of Kurz flow 

meters is a key component for 
both reducing maintenance and 

improving  employee  safety. 

•	 Protector Bars
•	 Aluminum-

Titanium Coatings
•	 Teflon-Coated 

Sensors

•	 Teflon-Coated 
Probe Supports 
and Sensors

•	 Automatic 
Purge Systems



ULTRASONIC & PITOT TUBES

Kurz multipoint systems have a sensor 
positioned across equal area locations 
within the stack or duct.  The outputs for 
each independent sensor are summed and 
averaged to compute the total mass velocity. The 
fast response time of a Kurz multipoint flow meter 
make it perfect for non-laminar and erratic flows.   

Most Pitot Tubes use a differential pressure sensor.  
The principle of operation for a multipoint array is that 
it measures the average impact pressure and then 
assumes the measurement to be proportional to the 
average velocity. Any deviation to the average causes 
an error.

Single-pass Ultrasonic meters measure the average 
velocity along a continuous diameter of the stack or 
duct. These path-length dependent devices do not 
take into consideration any change in the area of the 
radial location. The sending and receiving transducers 
are usually placed at 45° to the axis  of the stack, so any 
changes in the velocity profile in the axial direction can 
create error.

STACKS

Only Kurz multipoint flow meters have the capacity for 
immediately responding to changes in the velocity profile 
because of the design of our independent sensors. 

Kurz multipoint flow meters are perfect for  
CEM and AMS applications: 

•	 Fast response to changing flow profiles

•	 Fast response to changing velocities and temperatures

•	 Unsurpassed low-flow sensitivity

•	 Exceptional turn-down ratio

•	 Directly measures mass flow without additional 
instruments for pressure and temperature

•	 Highly resistant to dirt and corrosion

•	 High temperature capability ( up to1000°F)

•	 0.25% repeatability

•	 Low maintenance costs

•	 Multi-sensor design provides redundancy

KURZ MULTIPOINT SYSTEMS
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Thermal Technology
Thermal technology has moved well beyond the limits of when many industry reviews and standards 
were written in favor of old concepts. Kurz thermal flow meters are today’s premier solution for replacing 
expensive or outdated Ultrasonic, Coriolis, Pitot Tube, and differential pressure devices. Kurz thermal 
flow meters provide consistently accurate flow measurements in dry and condensing gas applications 
for a fraction of the installation and maintenance costs. Among all thermal device manufacturers, Kurz 
flow meters provide the highest sensitivity across wide flow ranges, superior response time to changing 
flow velocities, resistance to dirt and particulate buildup, and unparalleled accuracy.

THE SMART SOLUTION FOR COMBUSTION APPLICATIONS

Series 2440 Portable 
Flow Meters

454FTB and 454FTB-WGF  
Single-Point Flow  Meters

Isokinetic-Sampling 
Systems

K-BAR 2000B  
Multipoint Flow  Meters

504FTB and 534FTB  
In-Line Flow Meters


