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Introduction O
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chemistry are two of the fundamental issues. Efforts are
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made in both the aspects in this paper. .
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Model development and verification: . S oo SN
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fuel combustion processes and experimental validation.

Figure 1. CFD of IFRF 0.8MW oxy-NG furnace, using different mechanisms
& gaseous radiative property models [Smith et al. (1982) WSGGM by default,

Result Yin et al. (2010) WSGGM as “new”; both gray calculations].
. Model for radiative properties
* A n.ew welghted-sum-of-gray:gases _ model _ (WSGGM) Case-0 The Smith et al. (1982) WSGGM, gray cal. Fine structured mesh, standard
applicable to oxy-fuel combustion derived, validated and Case-1 The Yin et al. (2010) WSGGM, gray calculation k-&, DO (2x2x8 directions),
demonstrated: extending applicability to oxy-fuel, Case-2 The Yin et al. (2010) WSGGM, non-gray cal. refined WD 2-step / EDC.

introducing a scaling temperature for an improved |
WSGGM data-fitting, and covering more representative
conditions to better account for the variations in e i
H,O/CO, molar ratio in oxy-fuel flames (Yin et al., 2010). ;
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light of experimental validation (Yin et al., 2011). y I Bt & < R o
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Table 1. The three global mechanisms: “WD”, “WD _refined”, “JL_refined”. M -~ | Y j . \ - — % y
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No_Reactions ________Rate equations [kmoli(m*s)] A b £ [ & . -

WD: Westbrook & Dryer 2-step meohanism - N [W/ma2] | - [¥/m?]
1 CH,+150, » CO+2H,0 % -(2;14]: AT e E/RD) [cH,]%"[0,]%8 5.01x10" 0 2.0x10° () Case-1 (left, gray) vs. Case-2 (right, nongray): Gas temperature (d) Case-2: Participating band 3 (&) Case-2: Participating band 4
2 €0+050, > CO, d:c(ljto]:ATbe—E/(RT).:CO]:Oz]OQS 224%1012 O 1.7x108 Figure 2..CFD results of a 1500_I\(IW (thermal input) utility boiler assumed to

WD _ refined: refined Westbrook & Dryer 2-step mechanism for oxy-fuel combustion be operating under oxy-fuel condition with dry flue gas recycle.

T CHy+150; > CO42H0  dlOM]_ 4o ERD) [cyy, 070, 08 ST 0| 2 4. Gray/non-gray of the same WSGGM make distinct difference,
2 CO+050, — CO, A0l _ ypheF R [c0][0,]0% [m,0]7%  2.24x10° 0 4.2x107 more remarkable than that between gray calculation of
3 €0, >C0+050, 40T _ g0 o-ENRD) [c0, [H,0]0%[0,] 025 1.10%10%8 -1 3.3x10° different WSGGMs;

JL_refined: refined Jones & Lindstedt 4-step mechanism 5. Gray calculation over-predicts radiative HT to furnace walls,
1 CHy+050;, - CO+2H, O] pbEIRD) oy, 1050, ]2 44x10%" 0 1.3x10° under-predicts gas temperature in furnace, and results in a
2 CHy+Hy0 > CO+3Hy O] -5 ARD) (e, 0] 3.0x10° 0 1.3x10° higher CO prediction;

3 H,+050, <> H,0 Aa]_ g~ EARD) i1, o, 103 57x10" 0  1.5x108 6. The demonstrated nongray-gas effects also apply for air-fuel
4  CO+H,0 < CO,+H, dlco] _ b ERT) [co][H,0] 28x10° 0 8.4x107 conditions; may be compromised in solid-fuel combustion.

* Non-gray vs. Gray calculation of the Yin et al. (2010) oxy-
fuel WSGGM vs. Gray calculation of the Smith et al.

(1982) WSGGM in oxy-fuel combustion (Yin, 2012)_ [1] Yin, C.; Johansen, _L.C.R.; Rosendahl, L.;_ Kaer, S.K. “A new weight_ed sum _of gray
gases model applicable to CFD modeling of oxy-fuel combustion: Derivation,

validation and implementation”. Energy & Fuels 2010; 24(12): 6275-82.
[2] Yin, C.; Rosendahl, L.; Kaer, S.K. “Chemistry and radiation in oxy-fuel combustion:
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