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Abstract: A method was developed for analyzing the radiation heat transfer from the duct burner flame to the heat
exchanger in a heat recovery steam generator (HRSG) in order to supplement the existing thermal design process. The
burner flame and the heat exchanger were considered to be imaginary planes, and the flame temperature, surface, and
emissivity were simplified using an engineering approach. Three analysis cases in which the duct burner position and
fuel were changed were considered. The calculated flame radiative heat transfer and local flux on the heating surface
were compared with those of 3-atomic gas radiation and convection. In all analysis cases, heat transfer by 3-atomic gas
radiation was very small. The ratio of the flame radiative heat transfer to the convection heat transfer on the heating
surface was estimated to be as high as 8—41%. Moreover, the local heat flux on the heating surface centerline was
dominated by flame radiative heat flux.
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Fig. 1 Schematic diagram of HRSG with duct burner
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Determination of HRSG type and duct burner capacity.
location, fuel and so on.
¥
Calculation of heat input by duct burner

¥

Assumption of heat input ratio of gas to flame + Estimation

of gas temperature in the latter part of duct burner
No ¥

Calculation of flame radiative heat transfer to heating surface

* Assumption = calculation ?

M Yes

Calculation of convection and 3-atomic gas radiation heat
transfer using the determined gas temperature

¥

Comparison of each heat flux and total heat transfer in the
heating surface

Fig. 2 Analysis of flowchart of flame radiative heat
transfer on the heating surface
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Fig. 3 Simplified diagram of flame and heat exchange
for the calculation of radiative heat transfer
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Table 1 Definition of duct burner flame

Flame temp. (K) |- Mean: T, =a(7,, +7,,,)/2""

-Max: T, =T,

out

Flame area (m?) A, = ;zsz
where,R, =1.11r,,, /Y, "

F,stoic

Flame
emissivity

JRZE)

&, =1-
where,a = 0.8(0il)"”

= 0.25(natural gas)"”
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Case 1 Case 2 Case 3
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Fig. 7 Calculated flame radiative heat flux on the super-
heater surface [color bar unit: W/m*]: (a) Mean T
case; and (b) Max Ty case
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Table 3 Ratio of radiation heat transfer to convection
heat transfer
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