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A APPENDIX A – LITERATURE STUDY DETAILS 

A1 Gas Engineers Handbook 

American Gas Association, Gas Engineers Handbook – Fuel 
Gas Engineering Practices, Industrial Press Inc, New York, 
NY, 1969 

Section 2 entitled Fuels, Combustion and Heat Transfer 
provides a comprehensive compendium of knowledge related 
to this subject. It addresses gaseous, liquid and solid fuels, as 
well as their combustion, emissions and losses. Excellent 
source of combustion information and data this source was 
extensively used in our research. Chapter 6 describes 
conductive, convective, and radiative heat transfer. Excess air 
is identified as a main cause of heat transfer reduction. 
Authors state that the effects of reduced flame temperature 
and increased heat content carried off in the flue products are 
always greater than the effect of increasing the heat transfer 
coefficient. The amount of heat lost by the flame before the 
maximum temperature is reached ranges from 15 to 25% of 
the gross heating value of the fuel burned. Forced draft 
burners with turbulent flames produce higher flame 
temperatures than natural draft burners. 

Section 12 entitled Utilization of Gas discusses various types 
of heating appliances and principles of burner design. 

 

A2 Measurement of the Thermal Efficiency of Fired Process Heaters, API 
Recommended Practice 532 

 American Petroleum Institute, Refining Department, 
Measurement of the Thermal Efficiency of Fired Process 
Heaters, API Recommended Practice 532, First Edition, API, 
August 1982 

Provides guidelines for measurements required to establish 
heater efficiency. Suggests special multi-shielded 
thermocouple. Discusses wet and dry flue gas measurements. 
Includes good explanation of both gross an net efficiency. 

Recommends measurements both on the flue gas and 
process side. Provides formulas for efficiency calculations. 
Includes worksheets for calculations. Does not give efficiency 
recommendations. Assumes high temperature differentials on 
the process side and sets measurement tolerances 
accordingly. 

 

 

 



APPEDNIX A – LITERATURE STUDY DETAILS 

IMPROVED IMMERSION FIRE-TUBE HEATER EFFICIENCY PROJECT Page A-2 
PETROLEUM TECHNOLOGY ALLIANCE CANADA PROJECT EETR 0401 

 

A3 API SPEC 12K, Seventh Edition, Specification For Indirect Type Oil-Field 
Heaters 

API-Production Department, API SPEC 12K, Seventh Edition, 
Specification For Indirect Type Oil-Field Heaters, American 
Petroleum Institute, June 1989 

Provides terminology for fired heaters. Discusses the minimum 
requirements for design, fabrication and testing of oil field type 
indirect fired heaters. Concentrates on pressure coil design 
including heat transfer and corrosion guidelines. Shows 
layouts of recommended rating plates for heaters. 

Performance can be measured by flue-gas analysis and 
temperature measurements from the base of the stack 

Fig C.1 is a useful chart for checking determining gross HHV 
efficiency. For sulfur free fuels recommends minimum stack 
temperature of 250 deg F. For fuels containing 0.05 to 1.0% 
V/V sulfur recommends 300 to 400 deg F stack temperature. It 
stack is insulated this temperature can be lowered by 50 deg 
F. Gives formulas for convective heat transfer. Shows 
recommended values for both surface and cross-sectional 
heat flux rates. 

 

 

A4 API Recommended Practice 12N, Second Edition, Recommended 
Practice For The Operation, Maintenance and Testing Of Firebox Flame 
Arrestors 

API, API Recommended Practice 12N, Second Edition, 
Recommended Practice For The Operation, Maintenance 
and Testing Of Firebox Flame Arrestors, American 
Petroleum Institute, Washington, DC, November 1994 

Describes flame arrestor nomenclature and theory. 

Includes guidelines for operation, maintenance and 
inspection methods to test flame arrestors operation, but not 
to test pressure drop. 

Excludes systems with electrical spark ignition, forced and 
induced draft. Does not address burner setup or system 
efficiency. 
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A5 Surface Production Operations: Design of Gas-Handling Systems and 
Facilities 

Arnold, Ken, Stewart Maurice, Surface Production Operations: Design 
of Gas-Handling Systems and Facilities, Second Edition, Volume 2, 
Gulf, 1998 

Chapter 2 Heat Transfer Theory – Discusses 3 methods of heat 
transfer.  

Deals mostly with tube heat transfer from bath liquid to process coil. 
For fire tubes suggests standard heat flux rates: water 10,000, crude 
oil 8,000, glycol 7,500, and amine 7,500 

Outlines principles of heat transfer related to immersion heaters. 
Gives maximum cross-sectional heat flux rate of 21,000 BTU/hr/in2 
but does not recognize the negative effect of oversized fire tubes on 
the heat transfer rates. 

Chapter 5 – LTX Units and indirect Fired Heaters gives conventional 
simplified methods of fire tube sizing using average heat flux rates, 
but does not deal with efficiency. 

 

 

A6 The John Zink Combustion Handbook 

Baukal Charles E., Jr., The John Zink Combustion 
Handbook, John Zink Company LLC, Tulsa, Oklahoma, CRC 
Press, 2001 

A very comprehensive source of combustion information. 
Discusses basic laws, and combustion calculations, flame 
temperatures, products of combustion, conductive, 
convective and radiant heat transfer, fluid dynamics, fuel 
properties and emissions. Discusses burner design 
principles. Heater design recommendations mostly oriented 
towards refinery equipment. 

Excellent in theory of combustion but weak in smaller heater 
applications. 
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A7 Fired Heaters - I, Finding The Basic Design For Your Application 

Berman Herbert L., Fired Heaters-I, Finding The Basic Design 
For Your Application, Chemical Engineering, 19 June 1978 

Focuses on design of fluid tubing type heaters with some 
general comparisons 

The most efficient arrangements include horizontal tubes in a 
vertical convection zone 

Discusses various types of heaters used in the petroleum 
industry and methods of combustion air control. First article of 
series of four. 

 

 

 

 

 

 

 

 

A8 Fired Heaters- II, Construction Materials, Mechanical Features, 
Performance Monitoring 

Berman Herbert L., Fired Heaters-II, Construction Materials, 
Mechanical Features, Performance Monitoring, Chemical 
Engineering, 31 July 1978 

The discussion of extended surfaces, convection zones and 
flue-gas analysis is applicable. Discusses types of finned 
surfaces. 

Some data on extended surfaces, see Table II 

Extended surfaces are never installed in the radiant zone 

Various methods of insulation discussed. Talks about type of 
burners: premix inspiriting and raw gas. Premix burners 
aspirate 50% to 60% of stoichiometric air. Disadvantages of 
premix burners: higher noise, possibility of flashback, high gas 
pressure required. Discusses burner noise reduction 
techniques. Talks about stack dampers and materials (carbon 
steel up to 900 deg F, 304 SS 1500 deg F, 310SS 1800 deg F. 
Stresses importance of cleaning and performance monitoring 
including process flow rate, fuel flow, process temperatures, 
stack data, stack draft, tube skin temperatures. 
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A9 Fired Heaters - III, How Combustion Conditions Influence Design And 
Operation 

Berman Herbert L., Fired Heaters-III, How Combustion 
Conditions Influence Design And Operation, Chemical 
Engineering, 14 August 1978 

Discusses the relative importance of different design 
considerations for a typical heater, but does not look at other 
options 

Discusses combustion basics, fuels, combustion calculations. 
Includes design details and formulas. Includes net efficiency 
calculations. Defines radiant rate (flux rate) for various types of 
applications (between 6000 and 10000 BTU/hr/ft2). Suggests 
that higher radiant rates result in higher maintenance costs and 
potential for coking. 

Convection zones in heater designs are almost always equipped 
with extended surface. Gives examples of heaters calculations 
including stack, pressure drop, tube wall thicknesses, etc. 
Discusses stack temperature loss at average 75 deg F. Stack 
should provide 25% overcapacity. 

 

 

A10 Fired Heaters - IV, How To Reduce Your Fuel Bill 

Berman Herbert L., Fired Heaters - IV, How To Reduce Your 
Fuel Bill, Chemical Engineering, 11 September 1978 

Proven methods of reducing fuel consumption for typical 
heaters. 

Excess air is the most important combustion variable affecting 
efficiency 

Adding extended surfaces can improve efficiency by up to 10% 
but might require additional stack height. Recommends use of 
finned tubes. And heat recovery from flue gases/ 

Automatic draft control can increase efficiency. 
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A11 Combustion Engineering 

Borman, Gary L., Combustion Engineering, McGraw Hill, Singapore, 
1998 

Good source of information about principles of combustions, fuels, 
thermodynamics of combustion. Application of Laws of 
Thermodynamics to combustion, chemical kinetics, flame 
characteristics. Ignition and quenching theory. Discussion of mass 
energy balances in a furnace. 

Efficiency calculation should be always based on higher heating 
value. Explains principles of pulse combustion, and suggests as 
good method for high efficiency designs. States that over 80% of 
extra energy, which does not go to heat, transfer ends up in the 
exhaust gas. Therefore exhaust gas recovery has the biggest 
potential for improvements. 

 

 

 

 

 

A12 The Influence of Prandtl Number on Heat Transfer And Pressure Drop Of 
Artificially Roughened Channels 

Burck, E., The Influence of Prandtl Number on Heat Transfer And 
Pressure Drop Of Artificially Roughened Channels, Augmentation of 
Convective Heat and Mass Transfer, ASME, New York, 1970 

Discusses various methods and analyzes both integral surface 
roughness and surface mounted roughness. 

The heat transfer rate is influenced more by good thermal contact of 
the roughness with the tube, and not the shape of the roughness 
element. 

The amount of heat transferred by turbulence is limited by 
conduction through the thermal boundary layer. Includes data on 
different surface roughness efficiency. Good thermal contact 
between the roughness element and the heat transfer surface is 
essential; therefore integral roughness is more effective. The 
amount of heat transported by turbulence is the bulk flow is limited 
by the amount of heat, which can be transported by conduction 
through the boundary layer. 
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A13 Experimental Heat Transfer And Pressure Drop With Two-Dimensional 
Discrete Turbulence Promoters Applied To Two Opposite Walls Of A 
Square Tube 

Burggraf, F., Experimental Heat Transfer And Pressure Drop With 
Two-Dimensional Discrete Turbulence Promoters Applied To Two 
Opposite Walls Of A Square Tube, Augmentation of Convective 
Heat and Mass Transfer, ASME, New York, 1970 

Investigates the effect on heat transfer rate of a square duct with 
extended surfaces. The heat transfer rate increases by up to 80% 
with a rib of height 5.5% of duct width. Turbulence promoters are 
an effective way of increasing heat transfer in a tube if the flow is 
turbulent and Reynolds number is between 13,000 and 130,000. 

 

 

 

 

 

 

 

A14 The Roughness Effects On Friction and Heat transfer In The Fully 
Developed Turbulent Flow In Pipes 

Ceylan, Kelbaliyev, The Roughness Effects On Friction and Heat 
transfer In The Fully Developed Turbulent Flow In Pipes, Applied 
Thermal Engineering, 8 November 2002 

An analysis of the effects of surface roughness and fouling on 
heat transfer with supporting data and practical conclusions. 
Applies only to turbulent flows. Turbulence devices and surface 
roughness increase the heat transfer rate, but turbulators also 
increase drag. Solutions should maximize the heat transfer by 
minimizing drag, such as rough tube instead of smooth. Surface 
roughness can increase heat transfer through laminar layer by up 
to 350%. The effects of fouling resistance can't be generalized; 
they are dependent on fouling type and tube geometry.  

Includes some valuable data: Figures 3,5,6; equations 10,22; 
references 10,11,12,22 
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A15 Calculate Effective Stack Height Quickly 

Constance John D., Calculate Effective Stack Height Quickly, 
Chemical Engineering, 4 September 1972 

Discusses stack design for pollution emissions. 

Provides stack calculation methods but only from the point of 
view of emissions and not draft. May have application with sour 
fuel combustion. 

 

 

 

 

 

 

 

 

A16 Boiler & Heaters – Improving Energy Efficiency 

Dockrill, Friedrich, Boiler & Heaters – Improving Energy Efficiency, 
Natural Resources Canada, August 2001 

Practical options which go beyond the boiler to consider plant 
efficiencies. Calculation of heat losses and efficiencies base on fuel 
HHV. 

Includes many tips and "energy management actions" 

Excess air identified as the most important tool for managing energy 
efficiency. Typically reduction in O2 in the stack by 1% gives 2.5% 
increase in efficiency. Discusses various methods of fuel/air control. 
Precise air and fuel control is worth the cost, see Fig 1. Provides 
emission guidelines. 

Quantifies where heat loss typically goes in a boiler: flue: 18%, 
radiation & convection 4%, blow-down 3%, thermal efficiency 75 to 
77%. Trying to reduce process heat requirement is a very effective 
way to improve fuel efficiency. And it must be continually 
reevaluated. 

Quantifies fouling effects and recommends checking via flue-gas temperature changes, see pg 9,10. 
Methods for improvement: equipment sizing, process requirement, cleaning/maintenance, excess air 
control, reduction or other losses and heat recovery, insulation, reduction in heat distribution losses. heat 
cascading.. (1mm scale on tube increases fuel consumption by 2%, 36degF reduction in flue gas 
temperature improves efficiency by 1%. 
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A17 Noise Control Directive User Guide 

EUB, Noise Control Directive User Guide, Guide 38, Energy Utilities 
Board, November 1999 

Provides guidelines for noise measurement, allowable noise levels. 
Does not specifically address noise problems associated with heaters. 

 

 

 

 

 

 

 

 

 

A18 The Experimental Study Of The Heat Transfer Intensification Under 
Conditions Of Forced One And Two Phase Flow in Channels 

Kalinin E.K., The Experimental Study Of The Heat Transfer 
Intensification Under Conditions Of Forced One And Two Phase 
Flow in Channels, AOCHMT 

Investigates the use of formed grooves in a tube to promote heat 
transfer, in the turbulent flow region. 

The outside grooves and subsequent inner diaphragms generate 
eddies and turbulence, thereby increasing the heat transfer rate 
with moderate pressure drop 

This method was found to decrease by 1.5-2 times the size and 
weight of tubes 

Data is given for multiple groove configurations, see Fig 12 
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A19 Fired Heaters - A Guide to Performance Evaluation 

Equipment Testing Procedures Committee, Fired Heaters - A Guide 
to Performance Evaluation, American Institute of Chemical 
Engineers. 1989 

An analysis of combustion chemistry and the recommended protocol 
to test performance. Including both the process side and combustion 
measurements. 

Explains combustion calculations, and mass balances. Provides 
heat capacity data. 

Lists the measurements required to evaluate heater performance in 
Tables 304.1-304.3 (p4) 

Very useful reference for heater evaluation but does not include 
practical efficiency recommendations. 

 

 

 

 

A20 Several Options Boost Heater Efficiency 

Feldner, George F., Several Options Boost Heater Efficiency, The 
Oil and Gas Journal, September 1977 

The heater efficiency methods of Maintenance, Process 
Modifications, and Heat Recovery should be tackled in that order, as 
the maintenance methods are least costly, heat recovery most 
costly. 

Efficiency rule: the higher the heater efficiency, the greater the % of 
heat absorption in the convective zone. Air leakage and excess air 
should be minimized. 

The highest heater efficiencies are usually attained with air pre-heat 
equipment. Table on pg 4 quantifies the benefit of high convective 
zone heat absorption 
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A21 Flue Gas Analysis – A Storehouse of Information – Here’s a step-by-step 
procedure to determine heater performance 

Ghosh R.K., Haldia Refinery, Indian Oil Corp, West Bengal, India – Flue 
Gas Analysis – A Storehouse of Information – Here’s a step-by-step 
procedure to determine heater performance, Hydrocarbon Processing, 
Houston, TX, July 2003 

Provides combustion calculations based on hydrocarbon combination 
molecular formula CxHySz. Estimates heat losses and mass balances based 
on heat content coefficients. Calculates net and gross efficiencies. Also 
calculates gas dew point base on small amount of sulfur in the fuel. 
Provides good example of calculations, although it seems to be more 
customized towards boiler operation with fuel oil firing.  

 

 

 

 

A22 Precise Combustion Control Saves Fuel And Power 

Gilbert, Lyman F., Precise Combustion Control Saves Fuel And Power, 
Chemical Engineering, 21 June 1976 

Promotes application of combustion instrumentation as a cost effective 
means to efficiency. Explains how measuring flue-gases can help guide 
burner operation proper air/fuel ratio and flue-gas composition control. 

States that CO is a better indicator than O2 in troubleshooting 
combustion problems including plugged up or oversized burners, poor 
mixing or inadequate combustion air. CO is only formed during 
combustion while O2 can come from other sources as leakage. 
Therefore O2 measurement is unreliable. States that reduced O2 levels 
produce longer flames. Incorrectly assumes that excess air reductions 
also reduce NOx. 

Includes detailed examples of calculating reduced excess air savings 
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A23 GPSA Engineering Data Book 

Gas Processors Association, GPSA Engineering Data Book – 11th 
Edition (Electronic), SI Volumes I&II, Gas Processors Suppliers 
Association (GPSA), Tulsa, OK, 1998 

Good source of information related to fired heaters used by the 
petroleum industry. Section 8 offers general overview more from a 
practical than theoretical point of view and not entirely correct. (Use with 
caution!) 

Includes valuable equations and data to calculate fins, conduction, 
radiation, combustion. Describes fuel net-LHV(NTE) and gross-
HHV(GTE) efficiency concepts. States that the combustion efficiency is 
close to gross thermal efficiency, but there is tendency to use net 
efficiency because numbers are higher. Discusses draft, types of 
burners and gas interchangeability. Describes types of heaters and 
gives examples of calculations. Demonstrates how gross thermal 

efficiency can be determined from the excess air and stack gas temperature, see Fig 8-17. 

The three main efficiency methods for general fired heaters are to add convection surface, use the waste 
heat, and install an air preheat system. Most of the resistance to convection occurs in a thin film next to 
the solid surface even if fluid flow is turbulent. 

Discusses typical fire tube heater applications: water bath 82-91 deg C; glycol 91-96 deg C; low pressure 
steam 118-121 deg C; hot oil 149-288 deg C; molten salt 204-427deg C; TEG reboiler 177-204 deg C; 
amine reboiler 118-132 deg C. 

Also provides fire tube flux rates [in BTU/hr/ft2]: water bath 10000-13000; glycol 7900-10000; low 
pressure steam 15000-18000; hot oil 6000-7900; molten salt 15000 to 18000; TEG reboiler 6000-7900; 
amine reboiler 6600-10000. 

Identifies the corresponding net efficiencies at between 68% and 82% (gross efficiencies 59% to 73% 
with stack temperatures from 400 to 650 deg C (750 to 1200 deg F). 

States that with good excess air control (5 to 10% excess air) 200 deg C stack temperatures and 90% net 
efficiency is possible, but claims that this increases pressure drop across the tube and decreases draft. 
(Note: Seems to us like this is exactly the purpose of cutting back excess air). 

Shows possible efficiency improvements: economizer (?), turbulator, or waste heat recovery but does not 
provide any design details. 

Stipulates that a long and lazy yellow flame increases the fire tube life and increases radiant flame area, 
normal length is halfway down first fire tube length. 
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A24 Radiative Transfer 

Hottel, Hoyt C., Radiative Transfer, McGraw-Hill Book Company, New 
York, NY, 1967 

Gives basic formulas and charts for the calculation of flame and hot gas 
emmisivity. Basic reference material for many subsequent radiative 
transfer publications. Chapter six explains basic attenuation laws, band 
emissions, application of various models, compilation of gas emmisivity 
from various gases, and representation of real gas for engineering 
calculations. Advanced calculus methods used. 

Basis for calculations for the tube rating program developed in this 
project. 

 

 

 

 

 

 

 

A25 Fan Engineering 

Jorgensen, Robert – Fan Engineering, Ninth Edition, Howden Buffalo, 
Inc, Buffalo, NY, 1999 

Excellent source of engineering information related to properties of air 
and other gases, fluid flow, heat and mass transfer. Explains conduction, 
convection and radiation. Also in Chapter 22 gives practical formulas for 
combustion, excess air, dew point, natural draft calculations and raft 
losses. Explains the difference in HHV and LHV and efficiencies. States 
that fuel in the US is sold on HHV and LHV calculation are common in 
Europe. Discusses various types of fuels and their properties, 
combustion air and excess air concepts, flue gas losses. Shows 
difference between natural and mechanical draft. 
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A26 Convective Heat and Mass Transfer 

Kays, W.M., Convective Heat and Mass Transfer, Second Edition, 
McGraw-Hill Book Company 

Advanced formulas for convective heat transfer calculations, do not 
offer models for combined radiative/convective heat transfer models. 

Advanced text in heat transfer principles. Explains conservation 
principles, concepts of boundary layer. Provides equations for heat 
transfer in turbulent flow inside tubes both in terms of entry problems 
and fully developed flows. Shows impact of Prandtl and Nusselt 
numbers on heat transfer. Assumes aerodynamics of a smooth tube 
but show some approximations for tube roughness. 

 

 

 

 

 

 

A27 Gas Turbine Combustion 

Lefebvre Arthur H., Gas Turbine Combustion, McGraw-Hill Book 
Company, 1983 

Provides basic concepts and formulas for combined radiant and 
convective heat transfer and more advanced methods of heat transfer 
computations. 

Section 8 is dedicated to heat transfer in the combustion chamber. 
Discusses internal, external radiation and internal and external 
convection. Addresses radiation from non-luminous gases. Although 
explained in the context of gas turbine performance, the principles of 
radiation from products of combustion can be applied to a fire-tube. 
Provides calculations and charts of partial/total pressures of water 
vapour and carbon dioxide as a function of fuel/air ratio, and correction 
factors for emmisivity. Discusses also impact of fuel composition, 
operating parameters and size of the combustion chamber. 
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A28 Augmentation Of Convective Heat Transfer Inside Tubes 

Liao, Augmentation Of Convective Heat Transfer Inside Tubes, Chemical 
Engineering Journal, October 1999 

Investigates the combined effect of a turbulator device and three dimensional 
extended surface configuration on the heat transfer rate 

This method was found to be effective for highly viscous fluids only. The 
majority of total thermal resistance is concentrated in the viscous sub layer 
and the buffer zone (tube side laminar flow) 

Cites another study result of enhanced air heat transfer of 1.8-3.2 times with a 
corresponding pressure drop of 9-14 times 

 

 

A29 Natural Gas Line Heater Performance Testing 

Lung, Bryan, Hill, Sheldon, Natural Gas Line Heater Performance Testing, 
Saskatchewan Research Council Publication No. 11611-1C03, April 2003 

This study, which was provided to us for evaluation by ColdWeather 
Technologies, was conducted for SaskEnergy Inc., ColdWeather 
Technologies, and A-Fire Holdings to assess the efficiency of three line 
heaters: a conventional design, heat driven loop wet system (HDL) and HDL 
Dry Unit. The study offered an interesting and non-conventional approach to 
efficiency calculations based on the indication of the degree of useful heat 
transferred to the process gas, based on the observation that at reduced 
process gas flows constant bath temperature control results in over-heating 
of the process gas. Due to a typically large volume of glycol in the heater a 
conventional temperature control cannot respond in time to load change. So, 
although the energy is transferred to the process and under normal 
evaluation would be considered as a useful energy, it is in fact a thermal 
overrun and should be considered a waste energy. The greatest fuel savings 

in the study were attributed to the implementation of gas temperature control instead of conventional bath 
temperature control. The reduction of the glycol volume to 7% of the conventional volume resulted in 
temperature recovery rates, which were 21 times faster than in the conventional heater, thus allowing 
controls to better follow the load demand. Using this concept the measured combustion efficiency of 75% 
was discounted to 55% thermal efficiency with intermittent firing and 57.7% with continuous firing. 

The heater was also tested with Thermogreen heat transfer fluid and a negligible improvement in 
efficiency was measured, despite the fact that the fluid film coefficients were improved by 22%. The 
authors concluded that the overall heat transfer is dominated by the heat transfer from gas to the fire tube 
resulting in minimal impact of fluid side on the overall heat transfer coefficient. 

A change of burner also did not produce improvements in overall efficiency. Using gas temperature 
control instead of bath temperature an efficiency improvement from 38% to 65% was claimed. 

The Heat Driven Loop system utilizing steam heated retrofit element installed instead of the fire tube 
resulted in thermal efficiencies between 49.3% and 54.6% depending on the firing duty cycle. 

The best results were obtained with HDL dry unit, which is composed of a unit in which glycol bath is 
eliminated, and the natural gas is circulated through a tank of steam. With this unit the efficiencies were 
calculated at between 58.3% and 61.6%. The half-load improvement was attributed to the implementation 
of gas temperature control. 

The recommendations for improvements included better external insulation and gas temperature control. 
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A30 Efficient and Safe Operation of Indirect Fired Heaters 

Marlett, F.D., Efficient and Safe Operation of Indirect Fired Heaters, The 
Journal of Canadian Petroleum Technology, November 1997 

This comprehensive paper describes Northwestern Utilities Limited 
experience with in-house fabricated conventional, natural draft indirect 
fired heaters having atmospheric burners and non-electric control 
systems. Paper outlines unit design features. Two plates with matching 
air holes are used for air adjustment. Type B double wall vent pipe is 
placed over the stack to lessen heat loss and to maintain stack draft 
and to prevent condensation and freezing. A non-down drafting vent 
cap is used to reduce effect of wind, and prevent rain, snow, objects 
entering the stack. A flame arrester is used to prevent ignition of outside 
fuel source from flame source inside the heater. Report elaborates in 
detail on the importance of flame arresters. Heater sizing is described in 
general terms and both GPSA and API12K are quoted as sources of 
heat flux design numbers between 10,000 and 12,000 to 13,000 
BTU/hr/ft2, with additional 20% allowance for glycol operation. 

For cross-sectional flux rate a maximum 15,000 BTU/hr/in2 is used per API12K. Author states that 
adequate stack height must be provided for sufficient draft but does not specify how to establish this 
height. Thermal efficiency of heaters is quoted at between 70 and 75%.  

Heater operating and maintenance procedures are discussed. The increase in glycol concentration 
causes decrease of the overall heat transfer coefficient to the process coil, but also stipulates that similar 
decrease can be expected from the fire tube. Various considerations regarding glycol are mentioned. 
Lower bath temperatures are recommended to protect glycol from degradation. Natural loss of water from 
glycol should be also considered. 

Gas stream temperature controller is suggested as potential efficiency upgrade. This involves a three way 
valve to bypass part of the gas around the heater. 

Other efficiency recommendation include: flue gas analysis, cleaning of both air inlet and fire tube, 
matching burner size and orifice to process requirements, adjusting secondary air flow. Automatic air 
shutoff may be very effective in reducing heat losses. 

Good practices include also checking for gas leaks, checking controls, recording performance data 
including flue gas analysis. 

Both operating and maintenance personnel should be trained and properly equipped. This should be 
combined with proper heater design and selection criteria and conscious and rigorous inspection and 
maintenance program. Such measures will prolong heater life; enhance safety to achieve optimal 
performance, fuel economy and thermal efficiency. 

 



APPEDNIX A – LITERATURE STUDY DETAILS 

IMPROVED IMMERSION FIRE-TUBE HEATER EFFICIENCY PROJECT Page A-17 
PETROLEUM TECHNOLOGY ALLIANCE CANADA PROJECT EETR 0401 

 

A31 Hydrate Formation Prevention Using Line Heaters 

Marlett, F.D., Hydrate Formation Prevention Using Line Heaters, 1975 Inter-Company Technical 
Conference, 28 May 1975 

Paper describes in detail history and theory of hydrate formation. 
Discusses requirements for gas heating to compensate for Joule 
Thomson effect. Includes information on the design of line heaters, but 
doesn't deal with efficiency. Briefly mentions a burner upgrade to 
increase efficiency. 

 

 

 

 

 

 

 

 

A32 Operation and Maintenance of Indirect Fred Heaters 

Marlett, F.D., Operation and Maintenance of Indirect Fred Heaters, 
The Canadian Gas Association, 1994 CGA Gas Measurement 
School, 16 May 1994 

Similar paper to reference A30. Excellent overview of practices in 
design, operation and maintenance of line heaters. Describes features 
of a line heater with combustion air adjustment and flame arrestor. 
Stack is protected from outside air using a B-vent pipe. Fuel gas is 
taken from the outlet of the process coil. No additional fuel preheat is 
necessary. System uses a 30 millivolt thermocouple to energize valve, 
which cuts fuel off in case of flame failure. 

Surface and cross-sectional heat flux rates are discussed after 
API503 and GPSA. Suggests that HHV efficiency should be used. 
Discusses basics of combustion principles. Incomplete combustion is 
a possibility is there is no sufficient air available. Excessive air should 

be avoided because of the loss of efficiency. 

 Flue gas analysis is recommended. Burner orifice must be properly sized. Burner components and their 
operation are described. 

Burner turndown must be also considered. Proper flame color is discussed. System setting should 
prevent flame lifting, flash-back and excessive yellow tipping. Typical bath temperature setpoint is 82 deg 
C (180 deg F). Discusses impact of glycol concentration on heat transfer. Bath temperature should be 
adjusted according to seasonal demand. Recommends use of quick acting shutoff valve to eliminate 
burner “extinction pop” 

Flame colors are described in detail. 

Provides detailed maintenance recommendations. And stresses importance of providing proper training 
and equipment to operators and maintenance personnel to ensure safety, optimal performance, fuel 
economy and thermal efficiency. 
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A33 Advances Tighten Fired-Heater Design 

Melton Shannon M., Advances Tighten Fired-Heater Design, The Oil and 
Gas Journal, July 1978 

A very practical and technical evaluation of efficiency issues. 

Discusses impact of excess air on efficiency. Burner selection must 
prevent flashbacks, flame instability, port plugging, excessive corrosion 
and wear. Burner arrangement must be also considered such as distance 
between burner and tube, direction of firing and combustion volume. 
Flame impingement must be avoided. Natural draft burners need larger 
combustion volumes. 

Radiant section design has not changed in many years. In some designs 
it is more appropriate to design to maximum film temperatures or tube-metal temperatures with a 
combustion-volume limitation. In this case flux rate becomes incidental. 

Convective section is important because it dictates the final efficiency. Extended finned surface can be 
used but all factors must be considered. Tube fouling is a big factor in efficiency reduction. 

Spot welded fins or studs were popular in the initial stages of development. Continuous edge welded fins 
offer the best potential. Flue gas distribution must be considered to avoid flue gas channeling. Using 
proper thermal design low stack temperatures are possible. 

If extended surface design is not possible air preheat system should be considered. Air preheat alters 
flue-gas temperatures and flux rates and must be considered. 

Convective solutions may increase pressure drop and must be considered in the stack design. Stack draft 
is also affected by elevation and ambient temperature, which must be considered in the design. 

Gas composition has an impact on dew point of products of combustion. Presence of sulfur increases the 
dew point to between 268 and 296 deg F. 

Also lower excess air levels lead to higher NOx levels. Increasing energy cost make use of air preheat 
and waste heat recovery economical. Also additional insulation should be considered 

Use of alternate fuels is also feasible. 

 

A34 Engineering Thermodynamics 

Meyers Glen E, Engineering Thermodynamics, Prentice-Hall, Englewood 
Cliffs, New Jersey, 1989 

Introduction to system concept. Mass nd energy balances. Laws of 
thermodynamics. Ideal gases. Mass analysis. Availability and entropy. 
Application of laws of thermodynamics. Reacting mixtures. Adiabatic 
flame temperature. Availability of fuels. Chemical equilibrium. Various 
property tables, charts. 

Problems and solutions provided. 
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A35 Radiative Heat Transfer 

Modest Michael F., Radiative Heat Transfer, McGraw Hill, Inc, New York, 
NY, 1993 

Source of advanced radiative transfer theory. Describes nature and laws of 
thermal radiation. Radiative heat flux. Radiation characteristics of gases. 
Emmissivity, absorptivity, reflectivity. Effect of roughness. Emmissivity of 
water vapour and carbon dioxide. Estimation of view factors. 

Radiation combined with conduction and convection. 

 

 

 

 

 

 

 

A36 Some Simple Approximate Heat-Transfer Correlations For Turbulent 
Flow in Ducts With Rough Surfaces 

Norris, R.H., Some Simple Approximate Heat-Transfer Correlations For Turbulent Flow in Ducts With 
Rough Surfaces, AOCHMT 

Analysis impact of type of roughness elements in the design of a heat transfer duct in the turbulent flow 
region between Reynolds numbers of 10000 to 200000. Increase in roughness increases heat transfer. 

Sand grain roughness and few other methods were considered. The 
differences are relatively small but not negligible. 
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A37 North American Combustion Handbook – Volume I 

North American Mfg. Co., North American Combustion Handbook – 
Volume I, Third Edition, North American Mfg, Co., Cleveland Oh. 2001 

Excellent source of combustion information. Discusses combustion 
basics, reactions, perfect combustion and combustion of practical fuels. 
LHV and HHV values. Flame properties and combustion analysis. 
Products of combustion. Combustion efficiencies and Sankey Diagrams. 
Heat contents of various gases. Loss estimation, and heat recovery 
methods. Conductive, convective and radiative heat transfer. Practical 
heat transfer problems. Insulation and heat storage. Pressure loss 
calculations. Draft calculations. Properties of gasses, liquids and solids. 

 

 

 

 

 

A38 North American Combustion Handbook – Volume II 

North American Mfg. Co., North American Combustion Handbook – 
Volume II, Third Edition, North American Mfg, Co., Cleveland Oh. 
1997 

Continuation of Vol I describes fuel burning equipment. Burner 
characteristics, flame shape, volume, combustion stability, drive, 
turndown. 

Controls, heat recovery. Property tables and various engineering data. 
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A39 Furnace Draft Control Saves Fuel, Maintenance 

Reed, Robert D, John Zink Co., Furnace Draft Control Saves Fuel, 
Maintenance, The Oil And Gas Journal, June 9, 1975 

 

Furnace draft has a direct impact on efficiency. Proper draft gauge should 
be used. Discusses benefits of draft control for efficiency.  

Recommends stack velocity of 25fps, 30fps max. Formulas to calculate 
stack draft and friction loss. 

 

 

A40 Effect Of Roughness On Heat Transfer In Conical Nozzles 

Reshotko, M., Effect Of Roughness On Heat Transfer In Conical Nozzles, AOCHAMT 

Investigates the effect of a rough conical nozzle surface on heat transfer 

When the surface roughness stays within the laminar layer the effects are 
negligible 

An effect is noticed when the surface roughness extends into the turbulent 
zone. 

 

 

 

 

 

 

 

A41 Thermal Radiation Heat Transfer 

Siegel, Robert, Howell John R., Thermal Radiation Heat Transfer, Third 
Edition, Hemisphere Publishing Corporation, Washington, DC, 1992 

Text in advanced thermal transfer. Explains principles of radiative heat 
transfer. Emmissivity, absorptivity. Application of mean beam length for 
radiation in an enclosure. 13-6. 

Emmissivity of water and carbon dioxide. 

Combined conductive, convective and radiative heat transfer. Radiation 
from luminous and non-luminous flames. Calculation of adiabatic flame 
temperatures. 
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A42 Heat Transfer Fluid Comparison in A Conventional Gas Field Line 
Heater 

Snead Tony, Colt Engineering, Heat Transfer Fluid Comparison in A Conventional Gas Field Line Heater, 
National Research Council File #EAEP1049, Calgary, AB, July 2003 

Study designed to quantify the improvement in fuel efficiency with 
Thermogreen potassium formate blend heat transfer fluid over 50/50 wt% 
ethylene glycol/water solution in a conventional line heater. The rate of 
heat input to the heat transfer fluid from the fire tube was unrelated to the 
rate of heat absorbed to the process fluid. Heater was cycling ON/OFF 
and process fluid heat sink was buffered by large amount of heat stored in 
the heater bath to the point that heat transfer fluid properties were 
rendered unimportant.  

The results did not show any conclusive improvement. 

 

 

 

 

 

A43 A Preliminary Investigation Of The Efficiency of Oilfield Line Heaters 
And Treaters 

Sukovieff R, A Preliminary Investigation Of The Efficiency of Oilfield Line Heaters And Treaters, Alberta 
Energy & Natural Resources, February 1979 

This study financed by Alberta Energy and Natural Resources deals 
specifically with line heater efficiency. The study included literature 
survey, shop performance tests and a survey of a producing companies.  

NOTE: It is our opinion that some assumptions, results and conclusions 
from this study are technically incorrect, and erroneous. Reader should 
exercise caution and common sense when considering the 
recommendations of this study. 

Twelve efficiency enhancing modifications were proposed. Authors 
looked also at the economics of modifying the existing units and 
incorporating changes in new equipment. 

Shop tests included: better insulation, economizer tubes, relocated 
burner, secondary air baffle, reduced friction fire tube, higher exhaust 
stack. 

Efficiency calculations were both in NET and Gross terms. Author 
identified that most boiler manufacturers and end users use Gross 

efficiency, where refineries and oilfield heater manufacturers use NET efficiency. 

Shop test of an uninsulated heater showed 78.7% efficiency with 949 deg F stack temperature which was 
considered unreasonable. Test #2 and #3 showed46.5 and 40.2% efficiency, which was considered more 
reasonable 

Field test was conducted on a sour gas heater. Author reported orange flame, and soot deposit on the 
tube. Gross efficiency was measured at 20%, which was attributed to 8% unburned hydrocarbons. In test 
#2 15% O2 was required to bring the unburned hydrocarbon level to 1.5%. Author explains it by 
hydrocarbon deposits on the tube. In the following tests gross efficiency with 2.5% O2 was measured at 
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27%, and with 16.7% O2 at 16%. All the above tests were done with fuel pressure between 24 to 30 psig. 
After reducing the gas pressure to 15 psig the O2 was reported at 3.5%, with stack temperature at 1000 
deg F and 48% gross efficiency. Subsequent tests showed 46.9% efficiency with 15 psig fuel pressure, 
24.5% efficiency with 30 psig fuel pressure and 48.2% with 12 psig fuel pressure. To conclude author 
summarized the gross efficiencies at between 19.7% and 48.2%, and explained these low efficiencies 
trough impact of fuel pressure and stack O2. 

NOTE: Our explanation of the above results it that the test were done on a totally misadjusted and 
misapplied equipment and therefore the above results have absolutely no scientific value. 

During shop tests temperature at the entrance of the tube were measured at:  
1’ =140 deg F, 2’=220 deg F, 3’=335 deg F indicating that the beginning of the tube is not being utilized. 
Moving burner back was considered. 

Author stresses the importance of turbulence and high Reynolds numbers, as the gas heat transfer is the 
limiting factor. To test this a static mixer consisting of 1” pipe with radially welded on a spiral pattern 
shorter pipes was installed in the return pass. 

Author states that the test time was limited, but the trend showed that by reducing fuel pressure from 22 
to 15 psig efficiency increased from 43 to 65%. At the same time the secondary air baffle was 90% 
closed. The “baffled” efficiencies were found to be 6% higher although they may have been influenced by 
lower bath temperature. Author concluded that direct-fired heaters have higher efficiencies than indirect 
fired-heater. 

NOTE: Our interpretation: the above tests seem to have been conducted outside of standard combustion 
testing and adjustment practices, and interpretation and analysis does not seem to be in line with 
engineering standards, therefore the results of these tests are of no scientific value. 

During the tests it was concluded that the static mixer had no significant impact on the heater 
performance. 

The subsequent field testing of a treater was based on an assumption that being a direct heater it should 
have a higher efficiency. The gross efficiencies were measured between 52% and 84%, and a conclusion 
was made that this was influenced by excess air. By increasing the excess air the efficiency decreased to 
52.5%. 

The next set of shop tests yielded lower stack temperatures (528 deg F) with no clear trends related to 
fuel pressure. 

Author drew the following conclusions: 

a) - variation of efficiency varies widely with type of heater and its degree of tune 

b)  fuel gas pressure influence the efficiency 

c) excess air, firing rate and ambient conditions affect efficiency, but more tests are needed to 
determine this correlation 

d) secondary air can be virtually cut off in a heater without hurting its performance. In addition better mix 
control is possible 

e) heater performance can be improved significantly with relatively minor modifications 

f) treaters may operate at efficiency levels which are already high, therefore offer less scope for 
efficiency improvements. 

 

Heat transfer in the tube is the limiting heat transfer rate 

Gas pressure reduction is the most effective efficiency modification? 

The economically feasible efficiency increase for natural draft heaters is limited to about 15-20% 

Pulsed combustion could raise the typical efficiency by 30% and is the best option for a new system 

NOTE: Our interpretation the above analysis shows that the basics of combustion and thermodynamics 
were not considered in the investigation, therefore the results erroneous are not valid. 
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Under heater design section author shows basic conductive heat transfer formulas and states that radiant 
heat should be added to these values but does not show how to do it. Instead suggested using a 
standard heat flux rate between 7000 to 10000 BTU/hr/ft2. The cross-sectional heat flux is addressed by 
a statement that cross-section which is too small will prevent products of combustion from being removed 
quickly enough and the flame will snuff itself out. The lower (?) limit of cross-sectional area is 8000 
BTU/hr/in2.  

Flame arrestor size calculation formula is provided. The discussion about impact of excess air is included 
with recommendation to run the heater at 3-5% excess air (0.6 to 1% O2). Author states that this is 
possible at high fire but then the excess air goes up at low fire. 

Some stack calculations are provided, although are not complete. Author concludes that if stack is too 
tall, too much heat is lost by the flue gas and the draft is lower. Insulation is briefly discussed but 
insulating stack is not considered. 

Study identifies the possible area for improvement: 

- process coil – not much can be improved except maybe for helical coil, which has its drawbacks 

- economizer coil using finned tubes welded inside fire tube 

- static mixer – although there are some suggestions that it could increase efficiency by 5%, tests done 
in this study did not show any improvement 

- J-tube bundle which is a combination of a fire tube and tube heat exchanger  - costs may be very 
high. 

- Alternative fire tube shape – difficult to manufacture and subject to thermal stresses, 

- Reduced friction fire tube – to reduce pressure drop multi-section miter or round elbow should be 
used 

- Thermosiphon baffle – author expects increased efficiency by improving thermosiphon on the liquid 
side, this is contrary to his previous observation that the gas side is controlling the heat transfer 

- Pressurized heater shell – author suggests running at higher bath temperatures under pressure to 
improve the bath to process coil LMTD, this is contrary to his previous observation that the gas side is 
controlling the heat transfer, hence this suggestion would result in lower heat transfer not higher. 

- Alternative bath fluids – author suggests that the bath liquid type may increase transfer, this is 
contrary to his previous observation that the gas side is controlling the heat transfer 

- Variable air control baffles – variable baffle at the inlet to the flame arrestor to be adjusted 
automatically with firing rate. May create reliability issues with moving parts. 

- Secondary air control baffle 

- Gas driven blower to convert system from natural draft to forced draft without electric power, using a 
gas turbine – reliability issues. 

- Inlet air preheat – author makes some incorrect assumptions about heat transfer coefficients and 
rejects this idea. 

- Glycol stack jacket – using a thermosiphon principle – rejected by author due to complexity and cost 

- Insulation – suggests increase of insulation from 1-1/2” fiberglass to 2-1/2” and to include heads in 
the insulation. 

- Corrosion resistant stack and tube 

- Natural draft conversion to forced draft – introduces operational and maintenance problems 

- Pulse combustion – both valved and valveless type of combustors are described, fire tube would be 
smaller in diameter but equipped with finned tubes for grater surface area, smaller area, shorter 
stack. Startup and noise may be a problem. Also pilot use maybe a problem in a chamber with 
pulsating pressure. Combination of conventional burner and pulse combustor considered in which 
pulse combustor never shuts off. System is complex and requires development, and would be costly. 
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- Balanced flue – a design, which balances combustion air with exhaust gas, involving a duct built 
around the stack. Study does not state how this would be done and how this would increase 
efficiency except that it would somewhat preheat the air. 

Study included also survey of producers aimed at establishing the quantities of installed line heater and 
treater equipment. The following results were obtained: 

- treaters 1388, on average .81 MM BTU/hr, 

- line heaters 3517, on average 1.08 MM BTU/hr 

- Economics of the upgrades are also presented in the study, but are of not much value since the 
efficiency numbers assumed are erroneous efficiency assumptions from the field and shop testing. 

Addition conclusions of the study included: 

- A large efficiency increase is sometimes possible without physically modifying the heater. Tune-up 
suggested o semiannual basis. 

- Efficiency can be increased by about 15% through: insulation, fire tube economizers, better burner 
selection and placement, secondary air baffling, these modifications are economical for heater of any 
size 

- Internal bath-side fouling and fire tube corrosion van affect performance, regular inspections are 
recommended 

- The efficiency increase that is economically feasible for natural draft heaters is limited to 15-20% (at 
high fire) 

- Efficiency increases available with a forced draft heater are in the order of 30%. The most practical 
method of forcing the draft is through pulse combustion in tandem with a standard burner 

- Heat pipes do not appear to have a ready, practical application in heater design. 

 

 

A44 Flue Gas Analysis in Industry – Practical Guide For Emission and 
Process Measurement 

Testo, Flue Gas Analysis in Industry – Practical Guide For Emission 
and Process Measurement, 1st Edition, Testo AG, Lenzkirch, 
Germany, 2004 

Basics of combustion and fuels, excess air, products of combustion. 
Definition of combustion and furnace efficiencies. Formulas for Gross 
and Net efficiencies. Heat loss. Stack dew point chart. 

Combustion analysis basics. Gas analysis for combustion 
optimization, process control and emission monitoring. Terms used in 
gas analysis, Conversion formulas. 
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B APPENDIX B – COEN IMMERSION FIRE-TUBE HEATER RA TING 
SOFTWARE PROGRAM – USER’S GUIDE 

 

 

 

 

Immersion Tube Heater Efficiency Program 

User’s Guide 
 

 

Developed by 

Coen Company, Inc. 

 

In conjunction with 

Petroleum Industry Training Service PITS 

and 

ENEFEN Energy Efficiency Engineering Ltd. 
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I. INTRODUCTION 

This program is a powerful tool that computes heater efficiency, exit temperatures, flame length, heat 
loss, pressure drop, heat flux, and temperature profile for immersion tube heaters. The use of this 
program will help determine appropriate sizing and operation of new units as well as reveal ways to 
increase the efficiency of current units. 

 

II. PROGRAM OPERATION 

A. Inputting Information 

Upon opening the program, the user may either begin entering data by clicking GENERAL INFORMATION, or 
open an existing set of inputs from the File dropdown menu. To start a new study, choose FILE/NEW to 
clear the inputs with the option of saving the current project. Included with the software is 
ImmersionData.txt, supplying sample case inputs.   

Note:  The program provides output data in metric units by default. If English units are preferred, this 
option must be chosen on the main form before entering any input data. Additionally, the program 
performs all calculations in English units and then converts as needed. 

 

After GENERAL INFORMATION has been opened, the program will lead the user through a series of input 
forms.  If a required piece of information has not been entered before moving on, the program will prompt 
the user to fill in the empty field. After all information has been entered, the program will then calculate the 
results.  The user is then able to adjust inputs and toggle between English and SI units as desired.  

  

All basic information on the unit to be analyzed is entered here.  The only required field is elevation, used 
to determine composition of air.   

 

  

This form holds information concerning the dimensions of the heater.  The number of convection passes 
must be between one and four.  The length of the first pass includes the length of the flame zone, which 
is later calculated in BURNER SELECTION. A schematic further explaining this is given on the following 
page.  The thickness and thermal conductivity of stack insulation are also specified here.      

 

 

 

 

 

 

 

 

 

Immersion Heater Schematic Defining Flame Zone and Convective Passes 

 Flame 
First Convective Pass 

Second Convective 

Stack 
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Maximum combustion rate, percent firing rate, and percent excess air are entered in this form. 

 

 

The program selects natural gas by default as the fuel fired to the immersion heater. The user can specify 
either gas or liquid firing, as well as alter the fuel composition. #2 oil is used as the default composition for 
liquid firing.    

 

For gas firing, the program calculates the higher and lower heating value based on the composition of the 
gas. For liquid firing, the heating value is user defined. For either fuel selection, the user must specify 
water content.    

 

 

Ambient conditions as well as the emmisivity of the immersion tube walls are specified in this form. 

 

 

Here the user must define the shape and momentum of the flame in order to determine the flame zone 
dimensions. There are default values that correspond to high and low momentum and long and short 
flame. An expert user, however, can redefine these values in the CALIBRATION CONSTANTS form. Default 
values are as follows.   

 

Hi 0.8   (8.27 MW/m3) MOMENTUM 
(MMbtu/hr·ft3) Low 0.45  (4.66 MW/m3) 

Long 10 
FLAME ( )D

L  
Short 5 

 

 

Presented here is a list of choices that help determine the average temperature in the flame zone. It is 
suggested to initially use the Auto Gas Zone Model, which signals the use of Hottel’s method, a generally 
accepted method of determining flame zone temperature. Gas temperatures found by Hottel’s, Blizards, 
Square Root, Long’s, Saunders, and Anson’s models vary by approximately 4%, but heat transfer 
variation is larger at 17%1 The purpose of these choices is to give the user additional tools for calibration. 
1 “Heat Transfer in the furnace chamber of pulverized-fuel-fired water-tube boilers” Journal of the Institute of Fuel  

(July 1967) 302. 
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This form includes expert inputs which aide in fine-tuning the program. The defaults for the flame zone 
properties were discussed under the Burner Selection topic. The convective and radiation coefficient 
modifiers are adjusted to account for factors the program did not consider, such as frictional heat losses 
and buoyancy. These constants are saved with the other data and are case specific. Although, each new 
case will have the default factors of 0.8 for the convective heat transfer coefficient and 1.0 for radiation, 
for best match use: Convective Coefficient Modifier = 1.3 and Radiation Coefficient Modifier = 2.0. 

 

B.  Output Data 
After inputting all required information, and clicking FINISH on the MODELING page, the program will then 
calculate the results and present them on the main form. If pressure losses exceed the stack draft, the 
user is notified by those values being highlighted in red. The temperature profile, surface heat flux profile, 
and pressure drop profile are then accessible.  

 

 

Temperature Profile Display for Immersion Tube Heater 

 

Once results have been obtained, the user can save the input data for later use in the program, or print a 
summary of the findings. After the initial calculation, subsequent calculations are made each time the user 
closes an input form.   

 

III.  THEORY 

 

The following section describes the theory underlying the software’s calculations and is designed to help 
the user better understand the results of the program. 

 

The immersion tube heater calculations were divided into three basic sections:  the flame zone, the 
convective passes, and the stack. Elevation and humidity levels are required to determine the molecular 
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weight of air. A mass balance is then performed on the system to determine the flow rates of the 
combustion products.  The enthalpy of the various components is calculated from the integration of molar 
heat capacities at 1 atm.  

 

A.  Flame Zone Calculations 
 

The flame length and diameter are determined by specifications made in BURNER SELECTION, as 
discussed previously. The adiabatic flame temperature is calculated with the use of the Newton-Raphson 
numerical method, finding the root of the equation 

 

 Hcp – Qin = 0 [1]  

 

where  Hcp - enthalpy of the combustion products 

  Qin - heat of the fuel input to the heater. 

 

Upon obtaining a flame temperature, the temperature of gas exiting the flame zone is obtained through 
the bisection numerical method analysis. Gas temperature, found by the chosen model, is used in the 
energy balance around the flame zone, accounting for heat losses due to radiation; Qr, convection, Qc, 
and gas flow of combustion products, ΔH. 

For radiation,  

 

  ( )[ ]441
2
1

SGGSr TTAQ αεεσ −+=  [2] 

 

where σ = Stefan-Boltzmann constant, 5.676 x 10-8 W/m2?K4   (1.714 x 10-9 btu/h?ft2?⊇R4) 

 A = surface area of flame zone, m2 

 Sε = emmisivity of the sink 

 Gε  = emmisivity of the gas 

 TG = absolute gas temperature, determined from model 

α   = absorptivity of the gas 

 TS = liquid bath absolute temperature. 

 

Carbon dioxide and water emmisivities are determined from emmisivity chart curve fitting, derived from 
Mark’s Standard Handbook for Mechanical Engineers, by E. Avallone and T. Baumeister.    

For convection,  

 )( SGc TThAQ −=  [3] 

 

where  h = heat transfer coefficient,  W/m2?K.  Thermal conductivity and viscosity, used in determining 
the Nusselt number, were found through curve fitting with the appropriate temperature. 
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Heat lost due to the flow of combustion products is determined by  

 

 Eflame TT HHH −=∆ . [4] 

The enthalpies, H, are determined from curve fit equations built into the program for flue gas component 
enthalpies. 

 

B.  Convective Zone Calculations 
 

A “marching solution” is performed on the convective zone, where each pass length is divided into 50 
segments. For each segment the exiting temperature, heat loss, and pressure drop is assessed. This 
yields more accurate results in overall efficiency of the tube, accounting for changes in thermal 
conductivity, density, and specific heat. The effects of radiation and convection are evaluated in the 
convective passes. The Newton-Raphson method used to determine the temperature exiting each 
segment. 

 

C.  Stack Calculations 
 

Radiation effects are disregarded in the stack, leaving free convection and conduction as factors affecting 
heat loss. Like the convective passes, the stack is also analyzed in segments. Wind speed is used to 
calculate the exterior heat transfer coefficient.  
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C APPENDIX C – BURNER MANUFACTURERS LITERATURE 
This appendix contains a combination of relevant commercial literature information provided by the burner 
manufacturers or found on their websites or in product catalogues. 

Although we have reviewed the literature and used it during the course of the project, its content does not 
necessarily reflect the findings of this project. In other words, we have found instances where the 
manufacturers data could not be confirmed by the test results, especially in the area where data from 
various burners could be compared against each other.  
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C1 ACL Literature 
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C2 A-Fire Literature 

 

A-Fire Holdings Ltd. 

A-Fire Holdings, Ltd. commenced operations in 1985 with a goal of meeting the oil and gas industries 
need for fire tube combustion product and service specialists. A-Fire is located in Lloydminster. 

A-Fire has grown to include manufacturing facilities for its burner system product line, in-house service 
repair centre, and has formed affiliations with numerous service and supply companies in order to provide 
the complete package to the industry client. 

A-Fire specializes in: 

Naturally drafted flame arrested burner systems 

B-149.3 compliant systems 

Ignition and Control Systems 

Flame arrestor supply and testing 

Combustion system design, optimization and service 

 

A-Fire Fire tube Burner Assembly  

A-Fire provided the PTAC project with our standard 1” natural gas burner tip assembly.   

The A-Fire device has a preset burner design with optional secondary air adjustments. The advantages of 
the system include very efficient combustion at a wide range of fuel gas supply pressures and rates, as 
well as an optimal flame structure, which is able to disperse the heat more effectively than conventional 
systems. The device is very low maintenance and has the ability to be used in a wide range of 
applications. 

 

All A-Fire burners come factory set for individual applications with a specified BTU rating per hour. This is 
done in consultation with the client. 
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Burner Components: 

All burner assemblies consist of the following: 

a) Air/gas mixer - mixes primary air and fuel gas for combustion 

b) Mixing chamber - allows additional time for mixing of primary air and fuel gas 

c) Burner Tip - different models produce individual patterns depending on application 

 

The fuel is supplied through a small orifice at the inlet enhancing the Venturi effect and pulling in primary 
air. The correct amount of primary air is mixed with the fuel in the mixing chamber. The combustion 
occurs at the burner tip. 

 

Advantages 

 

The A-Fire system is very efficient. With efficient, complete combustion comes better utilization of all the 
energy in the fuel and clean, soot free emissions. The burner tip has been designed to operate efficiently 
at various fuel pressures. Also, the combustion temperature is reached very quickly utilizing a greater 
amount of fire tube and an increased flux rate. 

 

The device can be equipped with an optional primary air adjuster, which will allow the operating staff the 
ability to tune the combustion if they choose. 

 

The design is efficient, dependable, and economical. 

 

Capacities and Sizes 

The A-Fire burners vary from ¾” to 4” in diameter and can be installed in systems from 70,000 BTU/hr – 4 
MM BTU/hr. They have been successfully installed in processes with fire tubes from 4” to 32“ in diameter. 

Fuel for the burner system can vary from lean or rich natural gas and /or propane and butane. Each 
system is designed for optimal performance and energy utilization based on the heating value and density 
of the fuel being used. 

Fuel pressures can vary from a few inches of water to up to 30 psig. 

Applications 

A-Fire supplies burners to various industries for use in various process heating applications.  Resource 
industry applications include well site tanks, dehydrators, salt bath heaters, treaters, and natural gas line 
heaters. 

An A-Fire system can be designed for anywhere efficient and dependable industrial process heat is 
required. 

Design 

A-Fire believes that burner systems must be designed properly in order to operate properly.   

Our approach starts with obtaining as much information as possible from the client to correctly size all the 
equipment associated with the heating process. The relevance of these variables is vital when it comes to 
designing the system to perform at its optimum 

In consultation with client, the system advantages and the disadvantages are reviewed and an optimal 
system is designed. Heat load, fuel supply and types, and other variables can change over the life of the 
installation so the design has to anticipate the potential changes and be adaptable enough to provide 
outstanding service for a long time.  
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Other Services 

A-Fire provides complete burner and heat application services. 

Everything including system design, installation, service, and testing are provided. Training and safety 
orientation is available. Strong technical ability and experienced staff result in best possible design in 
terms of safety, efficiency, and economy.   

A-Fire offers a complete line of additional products that can enhance any retrofit or new installation. The 
ability of A-Fire is complimented by the expertise of our sister company, Cold Weather Technologies, 
between the two any heating system can be designed and any process heating problem resolved.  
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C3 Bekaert Literature 

 

MCI-Enefen testing of Bekaert Combustion Technology’s metal fiber burner head 

 

1. General description of burners we supplied for this project: 

Bekaert Combustion Technology Corporation (BCT) has supplied Curt Anderson (MCI) with 2 burner 
head samples to replace the traditional nozzle mix technology commonly used in the field for oil treater 
application. MCI made a field test in the past with our burner and has foreseen the tremendous benefits 
for the industry (in terms of combustion efficiency and environmental friendliness) from using BCT’s 
burner technology into this application. 

The burner head is a surface combustion burner able to operate both in blue flame mode (from 250,000 
to 3,000,000 BTU/h/ft2) and in Radiant mode (from 30,000 to 250,000 BTU/h/ft2). The actual modulation 
range will be limited by the Venturi & mixer capability placed prior to the burner head. 

 

2. How does our burner work? 

It attached to the atmospheric mixing and Venturi system in place of the nozzle mix head. For optimal 
combustion efficiency results and NOx benefit, our burner head would need to operate in a fully premixed 
mode, where no secondary air is needed to complete the combustion. 

 

3. What are our burner's main advantages and unique features? 

Here are some of the main benefits of BCT’ s metal fiber burner head for this application: 

- Even heat distribution,  

- wide modulation range capability (from radiant to blue flame),  

- forgiving design in case of clogging (of the vent of the burner itself), 

- wide range of gas qualities,  

- durability,  

- resistance to thermal shocks,  

- fast heat-up and cool-down, 

- low CO and NOx emission (in fully premix mode, could be bellow 10ppm at 3%O2),  

- high radiant efficiency,  

- wide range of shapes and sizes available (cylindrical, cylindrical with active end, conical, flat, dome,)  

- high thermal isolating capability of the Metal fiber media. 

 

4. What burner sizes ranges do we offer? 

Our burners can operate with a wide range of gas quality, both with propane and natural gas. Most 
commonly, we are manufacturing burner heads ranging from 50,000 BTU/hr to 5,000,000 BTU/hr, but we 
can extend our range from less than 10,000 BTU/hr up to 50,000,000 BTU/hr if need be. For very large 
industrial burners, we do work with Alzeta and Power-Flame to benefit from there experience in industrial 
burner application. 
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B mm 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 1200 

A                     

mm inch                                      

50 1.97 x x x x                

63 2.48 x x x x x x              

70 2.76 x x x x x x x x x x          

83 3.27 x x x x x x x x x x x x         

98 3.86 x x x x x x x x x x x x x       

140 5.51 x x x x x x x x x x x x x x x x x x  

200 7.87 x x x x x x x x x x x x x x x x x x  

245 9.65 x x x x x x x x x x x x x x x x x x  

375 14.76        x x x x x x x x x x x x 

A: Diameters presently available 

B: Active combustion length on the cylinder 

 

5. What applications do we specialize in? 

This Metal Fiber burner technology has become these past 10 years the industry standard in the fan 
assist premix residential and commercial gas fired boilers and water-heater market, both in Europe and 
North America. 

Most recently, Bekaert Combustion Technology has acquired CEB technologies (for: Clean Enclosed 
Burner) which specializes in the flaring industry for petrochemical applications. This break-through 
approach makes flaring (both for up-stream and down-stream applications) more environmental friendly 
and even more cost efficient for some application (ex: CEB can combust gases with calorific value lower 
than 500 BTU/ft2, which limits the amount of supplementary gas needed for combustion of waste gas), 
plus reduces light & noise nuisance. Bekaert CEB Canada is conveniently located in Calgary and Red 
Deer, Alberta.   

BCT is also focused in non contact IR drying for the paper industry after the acquisition of Solaronics. 

 

6. How do we typically approach burner projects? 

We do not just sell burner as a commodity item, but work closely with the OEMs to develop together the 
optimal burner solution for the application. Every application requires a custom-made approach in the 
burner design (pressure drop, noise, emission). Market managers / sales engineer are assisting 
customers in there development and are relating project requirements to the Bekaert’s R&D facility in 
Europe. Once a satisfying prototype is approved, we then enter the field-test and production phases. 
Support is provided to our customer all along the life of the burner once installed in the field, as any 
abnormal premature deterioration of the burner would trigger investigation to determine the cause of any 
eventual mal-function or application issue. 

Regarding installation and maintenance, we have a case by case approach and network in place, which 
varies for every business segment we are in. For example, CEB do install and “baby-sit” the unit 24/7, 
which in operation, Solaronics provides maintenance and service to paper-mills. For this particular oil 
treater application, we anticipate that MCI would provide the required service and installation. If need be, 
we can discuss the details case by case of what would be required for maintenance and installation in a 
3-party agreement between BCT, MCI and the end-users. 

 

7. What other products/services do we offer with the burners 

Application engineering, R&D development and testing, burner assembly. 
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8. Some words about your company (corporate profile) 

BCT is a joint venture between Bekaert (75%) and Shell (25%), operating under the Bekaert Advanced 
Material and Coating division. Shell and Bekaert have jointly patented the use of metal fiber for premix 
gas burners, combining the expertise of Shell in the gas industry and Bekaert in the metal fiber 
manufacturing.  

Bekaert is a $4 billion company employing over 18.400 people worldwide. Bekaert was established in 
1880 in Belgium and was the inventor of barbwire. Since then, Bekaert has developed into becoming the 
world leader in metal transformation and coating technologies. With these 2 competencies, a wide variety 
of applications have been developed commercially, from Metal fiber burners to champagne cork wire, UV 
protection window films, concrete reinforcement and metal fiber strips to control air-bag expansion; the 
main one being steel cord for radial tire reinforcement.  
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C4 Eclipse Literature 
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C5 Hauck Literature 
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C6 Kenilworth Literature 
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