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Abstract: A numerical model was developed to predict the density wave oscillation (DWO) in the furnace wall tubes of
a fossil-fired once-through boiler. The transient flow fields in the tubes were obtained using a 1D finite volume method
in the time domain. A header model was also implemented to simulate the parallel tube connection of the wall tubes.
The inlet and outlet mass flow variation in one of the parallel tubes was examined after a heat perturbation to find the
DWO. After successful verification with experimental results reported in literature, the developed model was applied to
the wall tubes of a 700-MW boiler furnace. In contrast to the simulation of Takitani’s experiment, in which the unstable
power thresholds tended to rise in the reduced bypass channel flow, no remarkable changes were observed in the power
thresholds in the parallel channel modeling of the wall tubes of the boiler furnace.
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Table 1 Heat transfer coefficients with respect to flow

regimes
Region Correlation
Single phase Gnielinki”
Subcooled boiling Jens %ﬁiég%ﬁsm)
Saturated boiling Chen®
Dryout Kon’kov"?
Liquid deficient region Groeneveld"”
Condensation Shah!'®

Fig. 2 Modeling for a header
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Table 2 Parameters in Takitani’s experiment

Heated channel

- Diameter [m] 0.015

- Thickness [m] 0.00125

- Length [m] 5.252

- Roughness [m] 5-10”
Bypass channel

- Diameter [m] 0.05
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Exp. | Pressure flux Temp. Kin o AT wFY so] o] WAL Y dF
No. [atal | v o/m?s] | [deg C] -l
121-10 40.0 337 147 520 ouia
Volume N
121-04 42.4 335 158 520 NI
910-03 40.5 323 167 500 o H
128-07 420 318 152 500 N
Volume 3 -
1008-06 42.0 298 144 500 = TN P
Time [sec]
122-05 40.0 220 149 520 sl
1125-33 403 220 146 500 @ ®
Fig. 3 (a) Single channel modeling, (b) Heat perturbation
121-21 41.0 177 147 520 condition
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Table 4 Specification of boiler furnace wall tubes
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Fig. 8 Variation in unstable power threshold with respect

to bypass ratio (bypass channel flow/test channel
flow)
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Table 5 Operating condition of the boiler
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