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Abstract- This paper pertains to the effect of Excess Oxygen on efficiency of heater treater pertain to the dry
flue gas losses has been observed. There is Stoichiometric measure of air required for proper and complete
combustion of NG. By and by ignition conditions are never perfect and abundance air must be provided for
complete combustion of the fuel. It has been found that maximum efficiency of heater treater curre btained

300°C to 440°C. In condition when excess oxygen is as low as 5.9%, temp as 236°C efficie
when excess oxygen is 9.6%, and temperature is 192°C, efficiency is about 77.3% w
designed efficiency. Direct method technique combined with yearly data is used for calculatl e gas

losses.
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1. INTRODUCTION

Strategic maneuvers an extraordinary part wherever man lives and works-in ventures, horticulture transportation
and so on. power furnishes our homes with light and warmth. The expectati everyday comforts and
flourishing of a country specifically with increment being used energy. A ovation is propelling the
utilization of energy is consistently rising. The modern area utilize arounyalf of the aggregate business
vitality accessible in India. Of the business Wellsprings of vitahi , and oil and petroleum gas are

underneath that of other industrialized nations, Ther
of vitality use in the modern area. More profr&nt vit
and additionally bring down ozone deplegting sub
for enhancing vitality productivity in businesses

to realize change in the proficiency
xpand profitability and financial intensity
er unit of yield. There is extensive degree

d unmistakably is to wipe-out widespread income

nt, and to lift limit expansion in era and supply.
iency of energy station, in order to produce greater
fuel @lization. Execution of the heater, similar to effectiveness and

dissipation proportion decrea: ime, because of poor burning, warm internationally most fossil-fuelled
power creation is from (6 additionally, we have altogether higher offer of coal let go fossil -
fuelled power era. Asp i Power website, coal dominates the energy mix with 60% of total primary

energy consumption.
rmance of the Heater Treater, like efficiency, heat transfer rate reduces with time
e times. It has also presented that the deterioration of fuel quality leads to poor

performance

hat, the intention of injection of more air into furnace/any combustion chamber than
theoret ecessary for the complete combustion of fuel, as it permits enough of oxygen to be present at the
fla tity of Excess Oxygen must therefore be selected so that the sum of losses due to un-burnt
carbo nimized, or in other words should be in range of 10-50 PPM.

cise and auto air to fuel ratio which controls the combustion uniformity rather than air and NG
maneuvering using a visual and non monitored inspections. Combustion uniformity is the key to the best Heater
Treater efficiency as well as the lowest emissions. To achieve this uniformity,

2. ANALYSIS OF EXCESS OXYGEN

There is Stoichiometric measure of air required for proper and complete combustion of NG. By and by ignition
conditions are never perfect and abundance air must be provided for complete combustion of the fuel.

Excess Oxygen is an expression of how much more air is used for the combustion than strictly necessary. The
calculation is based on the measured level of oxygen in the flue gases and the known concentration of oxygen in
the air. Excess Oxygen is generally expressed as a percentage in the form, E.g. 17.3% Excess Oxygen means
that a combustion process has about 400 % of the air needed for complete theoretical combustion.
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Fig. 2.1 Efficiency vs Excess Air/Fuel Ra
In practice, a certain level of excess Oxygen is needed in to ensure complet bustion. This is around 1-2%
for gaseous fuels. Excess Oxygen is basically a factor to reduce. The unwanted air simply carries energy

away from the combustion chamber is released in environmentg&s Waste. A fine line must always be drawn
between too much Excess Oxygen and incomplete combustio

3. GOVERNING EQUATIONS FOR ANALY

Indirect Method: Major losses of heater treatef@re as WS.

3.1 Dry Flue Gas Losses
m * AT *100

3.2 Heat Loss Due to Evaporation of Water Fo y Hgin Fuel

This loss would not be considered as it
for calculation

Where

m = Mass of Dry Flue Ga!

ill be cwp nsate@by the use of NCV (LHV) rather than using GCV

AT =T¢T,
T¢=Flue gas Te
T, = Ambient ai $C)

lue of fuel (kCal/kg)

lue of fuel (kCal/kg) (9.73% less than G.C.V.)

Heat moisture in air, Fuel are not considered, as this analysis will be extended across the period of

el is dried and is fed to system, ensures complete dry fuel inlet.

submerged inte the liquid and total temperature rise of the instrument is not more than 50°C. And surface
temperature of equipment is 50°C
No ash component is present in fuel.

4. ULTIMATE ANALYSIS OF NG

The data for ultimate analysis was taken from the cryptographic report of fuel.
Table- 4.1 Composition of Natural Gas

NG Composition Percentage
C (Carbon) 74%
H (Hydrogen) 25%
O (Oxygen) Traces
pg. 294
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V2-14-32 Volume 2 Issue IV, May 2017

@2017, UTRS All Right Reserved



ISSN No.: 2454- 2024 (online)

.;v\
1 TR S

o= International Journal of Technical Research & Science
S (Sulphur) -
N (Nitrogen) 0.75%
GCV (kCal/scm) 9350
Density (kg/m3) 0.74
GCV (kCallkg) 12,635
NCV/(kCal/kg) 11,405

(267xC)+ (B8xH)+ (1xS)-(0)

100
_ (2.67x74) +(8x25) + (1x0) - (0)
- 100

Theoretical amount of oxygen =

= 3.98 kg O,/kg of NG

Theoretical amount of air = 3.98*100/23.2

= 17.16 kg of air/kg of NG

Actual Air supplied = {1+(EA/100)}* theoretical air

Calculation of mass of dry flue gases in kg/kg of fuel = Mass of actual air supplied + 1 kg fue

5. FLUE GAS ANALYSIS

Few selected data from different heater treaters or similar equipment are as fol
Table-5.1 Flue Gas Analysis Of Heater Tredters

. Heater Heater Hea Heater
Flue Gas Constituents Treater 1 Treater 2 3 Treater 4
02 % 5.9 ﬁi 175 7.5
CO2 % 8.2 @ 13 7.4
CO PPM 599 3 5 15
Excess air % 40 72 421 54
Ambient Temperature °C 034 7 35 37
Stack Temperature °C i . 342 480
Efficiency on flue gas analyzer 1.5% 23.6 57.4%
Location of Equipment Naw_agam Lakwa, K"fIIOI
(Gujarat) (Assam) (Gujarat)

Efficiency depicted in the table 1 is stack sampling and is displayed in the flue gas

analyzer.
6. CALCULATIONS OF SES INQRY FLUE GASSES

Solving the equations fro owing results
K Table-6.1 Calculations

HT 1 HT 2 | HT3 | HT 4

5.9 9 175 7.5

«02 %
4&2 % 8.2 6.7 1.8 7.4
CO PPM 599 36 5 15

Excess air % 40 72 421 54
Ambient Temperature °C 34 27 35 37
Stack Temperature °C 236 105 342 480
Efficiency by flue gas analyzer 77.2 81.5 23.6 57.4
Stiochiometric ratio (kg air/kg ng) 17.16 17.16 | 17.16 17.16
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Mass of air 24.02 29.51 | 89.40 26.42
Mass of fuel 1 1 1 1

Total mass (m) 25.02 30.51 | 90.40 27.42

Specific heat (kCal/kg °C) 0.264 0.264 | 0.264 0.264
Dry flue gas losses 11.70% 5.50% | 64.24% | 28.12%

64.24
m02% Stack Temperature °C X10 = Dry flue gas losses %
48 ’
34.2
23.6 22.67

11.70 1

17.5
0.5
9
nil Ei. I
HT 1 HT HT 3

2 HT 4

reducti@n of Excess Oxygen upto 7.5%.

With lowest achievable stack t of 105°C & excess oxygen to 7.5%, losses can be reduced to 4.3%
(using the equations from a
Now days, combustion stems can further reduce the excess oxygen to 1.5-2%, which reduces dry

flue gas losses to ran .5%. i.e. efficiency can be increased upto approx 83.5%.

ut a check over them following technologies can be used.
anagement System/Combustion Control System

are“controlled with a combination of a CMS and a Burner Management System (BMS). The
s if there will be a fire or not, and is primarily responsible to shut down the system if conditions
become unsafe, as well as enforcing purge requirements on re-start.

The CMS determines how much fuel and air combination is to be infused for proper burning, and thus
preventing unsafe conditions from happening, in the first place.

The 02 sensor detects the "excess air" - the percentage of oxygen present in the flue gas after combustion.
Typically at high loads, 3-4% O2 is desirable (earth's atmosphere is 21% 02).

It is hazardous to reduce the excess air beyond certain limit because the by product of incomplete combustion
that is the un-burnt fuel (H2 and CO) fuel could fill a space in the duct, may later mix with air and might result
in uncontrolled combustion. Insufficient air also results in environmentally undesirable emissions.

Too much excess air is a major cause of inefficiency. So, it is required to control O2 at its ideal amount for the
load. The burner manufacturer provides an O2 trim SP curve - this is used to set the SP of the O2 trim PID loop.
Operators do not have the option to set the O2 Trim SP — when they put the loop in manual, when manoeuvre in
auto, the SP should always come from the biased SP curve. The O2 trim loop will then adjust the air flow PV,
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causing the air flow loop to add or subtract air, maintaining it at the same % as the fuel flow % and equipment
master %. Burner O2 trim is typically limited to adjust the air by only +5% to +10%

CLCOMEBLUSTION MANAGCGEMENT SWSTEM
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Fig. 8.1 Line Diagram of Combustion Manageme teri
8.1 Stack Temperature

The stack temperature should be as low as possible.. It also indicates sca heat transfer / recovery
equipment and hence urgency of taking an early shut down for cl . In casg of cleaner fuels like natural gas,
LPG etc. the stack temperature can be reduced to even as low i nomiser.

8.2 Combustion Air Pre-Heat (NO PRE HEATING)

Combustion air pre-heating is another alternafie of i can be achieved by installing a recuperator.
For every 200C rise in combustion air an&]prove

8.3 Feed Liquid/Air Pre-Heating (PREHEATI

The effluent has considerable amount of en iquid to liquid heat exchanger is advised. This will
preheat the incoming liquid, recycling the energy Whi ilReeduce the fuel consumption.

Hot external surfaces (more th ambie.nt) lose heat to the surrounding depending on the surface area
ese losses are 1.5% at full rating, but will increase to 6% if system
operates at only 25% ou
and piping.

Since the opt thermal systems occurs at 65-85% of full load, it is usually more efficient on
the whole, to numbers of HT at higher loads, than operating a large number at lower loads.

(6{0)

M icieney of heater treater for current natural draft setup is found at 9% of excess oxygen, with
temperatu 105°C. Whereas achievable range is about 7-7.5% excess oxygen and temperature range of

105°C. With fine tuning and use of forced draft with PID control attainable excess oxygen range lies within 1.5-
2% of excess oxygen, i.e. 5-10% excess air, and use of pre-heater can reduce stack temperature well within the
range of 110 -150°C. Increase in excess air also reduces the flame as well as temperature inside and through the
flame tube, thus heat exchange is also drastically reduced. With lower excess air, higher would be the
temperature and lower would be the flow rate of gases, thus will ensure higher heat exchange and eventually
higher stack temperature. The rise in stack temperature can be controlled by using air/fluid pre-heater. This
paper has successfully created an environment of reducing energy losses in heater treater with a practical
approach.
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