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HRSG & DUCT BURNER

2

Superheater

Heat Recovery Steam Generator (HRSG)
with Supplementary Firing

Main Challenges of Design of burners:

 Providing uniform and aligned flow around burners to
have a safe & stable flame

 Providing flow with uniform temperature and velocity at
superheater cross-section

Duct burner is used to enhance the amount of energy
of hot gas entering the HRSG.
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FLOW AROUND BURNERS
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Hot spot on burner

Recirculation
Zone

Reverse Flame Region

Minor Reverse Flame

Major Reverse Flame
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FLOW & TEMPERATURE AT SUPERHEATER SECTION
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Superheater Inlet

Temperature Normalized Velocity
Distribution of temperature

and velocity of flue gas
entering HRSG

Non-Uniformity is inevitable!
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FLOW & TEMPERATURE AT SUPERHEATER SECTION
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All thermal calculations of heat
exchangers are based on
assuming uniform distribution of
flow and temperature on the
flue gas side.

 Heat transfer Efficiency

 Metal temperature

 Mechanical Strength

 Fin tip temperature

 Thermal stress

All calculations are affected by non-uniformity of flow and temperature on the gas side.
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ESTIMATION OF EFFECTS OF NON-UNIFORMITIES
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Method #1: Conjugate Heat Transfer Analysis
(CFD of flue gas, tube metal and steam simultaneously)

Only applicable for simplified geometries

Impossible to implement for
real arrangements due to

excessive computational cost
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ESTIMATION OF EFFECTS OF NON-UNIFORMITIES
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Method #2: CFD of flue gas side and assuming uniform heat sink in domain, then applying
design criteria to limit degree of non-uniformity in temperature and velocity distributions of
flue gas flow entering heat exchangers

This method is currently used by boiler designers.

Examples of Design criteria

 Keep RMS of velocity deviations  below 30%.

 Temperature variations are limited to ±50°C from
average temperature.

Each boiler vendor uses its own standards.

 Margins are always conservative.

 Does not consider finned tube arrangements.

 Results in unnecessary duct length.

 Requires high value of draft loss.

 Fin density is not considered.

 Does not consider steam temperature.

 Accurate stress analysis is impossible.
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ESTIMATION OF EFFECTS OF NON-UNIFORMITIES
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Method #3: CFD of flue gas side and implementing a mathematical model
to calculate heat transfer of finned tubes as a heat sink

Each computational cell is
considered as an individual
heat exchanger!

Steam flow is solved
virtually by engaging user-
defined scalar approach.

Our Method!

Note! Ansys Fluent
provides a similar method,
but it comes with several
limitations.
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SAMPLES OF RESULTS
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1 2 3 4

56
1: Gas Temperature (inlet)

2: Gas Velocity (inlet)

3: Steam Temperature

4: Fin Base Temperature

5: Fin Tip Temperature

6: Gas Temperature (outlet)
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OTHER POTENTIAL APPLICATIONS

10

H
el

ic
al

 H
ea

t
Ex

ch
an

ge
r

Fi
re

-T
ub

e 
Bo

ile
r

Olefin Cracking
Furnace
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