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Abstract: Because of the instability of a flow pattern in the inlet transition square duct (hereinafter referred to as
“transition duct”) of a heat recovery steam generator (hereinafter referred to as “HRSG™) in a combined cycle power
plant, the Reynolds number in the first row of a tube bank is differs sharply from that in the sectional area of the
transition duct. This causes differences in the heat flux in each tube in the tube bank. The computational fluid
dynamics (CFD) predictions provide three-dimensional results for velocity, temperature, and other flow parameters over
the entire domain of the duct and HRSG. A renormalization group theory (RNG) based k-e¢ turbulent model is used for
obtaining the results cited in this study. A porous media option is used for modeling the tube banks and the number of
transfer units method is used for determining the heat transfer characteristics. This study describes a comparison between
the numerical simulation results and actual design output.
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Table 1 Typical dimensions for the prototype

HRSG
Description Dimensions
Inlet Temperature: 606.7 C

gas condition Flow rate: 1,578,140 kg/hr

HRSG H 20,068 x W 9,502 x
size L 27,200% mm
Duct angle 0,=12.0°/0,=55.6°

Duct length L=10,906 mm

Duct inlet H 6,096 x W 6,096

Duct outlet

H 20,068 x W 9,052 mm

* . Dimension to the stack center line
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Table 3 Heat transfer characteristics of proto type
HRSG final superheater tube bank

Gas mass velocity Q
(kg/s) W)
194.7 2,560,754
280.8 3,062,401
362.7 3,468,065
3944 3,591,213
4384 3,806,722
523.6 4,083,805
597.71 4,311,991

* Tube bank inside steam flow : 64.542 kg/s

Table 4 Boundary conditions of proto type HRSG

o Boundary .
Description . Magnitude
conditions
Velocity 438.372kg/s pipe
Inlet
Inlet outlet profile used
Fan (Swirl | Tangential Velocity
Case Only) 1 27.89 m/s
1st Porous
. Porous zone 19.3 /m*
Medium
Perforated Porous
347.0 /m* (Each)
plate 6 EA surface
2nd Porous
) Porous zone 12.2 /m*
medium
0
Outlet Neumann —¢ =
ox
. No-slip
Velocity . .
Wall Adiabatic
Heat

* . Inertial resistance factor
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Table 5 Final superheater tube bank specification
and design condition for proto type HRSG

lf N 5} S, Sy
(mm) (mm) (mm) (mm)
12.7 2.0 9.163 114 105
S d d _ _
’ ! T, ) | Ty (K)
(mm) | (mm) | (mm)
105 63.5 38.1 876.1 827.5
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Fig. 7 Velocity distribution of non swirling condition
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