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ABSTRACT : Turbulent nonpremixed Ho-air jet flames are numerically investigated using the joint PDF
model. The reaction progress variable is derived by assuming the radicals O, H, and OH to be in partial
equilibrium and additional species HO» and H20: in steady state. The model is extended to nonadiabatic flame
by introducing additional variable for the transport of enthalpy and radiative source term is calculated using a
local, geometry independent model. In terms of flame structure and NO formation, the predicted results are
favorably agreed with experimental data. The effects of nonequilibrium chemistry and radiative heat loss on

the thermal NO formation are discussed in detail.
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thermal NOwto] A dch £ soot7t A=A
gornz EAHAELdS t2BEALdRE AL
o, HBAVAZ ARE AXANE 3F$, BA
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Reaction A b E
Rl | H+*O; = OH+O 2.00E14 0.00 70.30
R2 | Ho+tO = OH+H 506E04 267 26.30
R3 | H+OH = H:0+H 1.00E08 1.60 13.80
R4 | OH+OH = H,0+O 150E09 1.14 042
R5 | HH+*M = H*M 1.80E18-1.00  0.00
R6 | H+OH+M = H,O+M  220E22,-200 0.00
R7 | 0+O+M = O+M i 290E17,~1.00 0.0
RS | H+O:*M = HO;*M ' 2.30E18'-0.80 0.00
R9 | HO;+H = OH+OH  : 150El4! 000 4.20
R10| HO»+H = Hy+O, . 250E13 000 290
R11| HOz+H = H0+0O " 300E13i 000 720
R12| HOz+O = OH+O; . 1.80E13{ 0.00 -1.70
R13| HO,+OH = H,0+0O, ' 6.00E13' 0.00  0.00
R14| HO»+HO; = H:02+0, - 250E11 0.00 -520
R1S| OH+OH+M = H:0.+M. 325E22'-200 0.00
R16| H:O:+H = H+HO; ' 1.70E12; 0.00 15.70
R17| HO2*H = H20+OH | LOOE13, 0.00 1500
R18| H:0.+O = OH+HO; | 2.80E13| 0.00 26.80
R19| H:0.+OH = H,0+HO; | 540E12: 0.00 420

Table 1 Reaction mechanism for Hz-air
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reaction(R1-R4)o} 98 A HE 9230, OH,
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2.2 gjchad 31 2 o (nonadiabatic flame model)
Bate] o3 d&42 Thermal NO A4 & =2
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. h—hgy _ h—hg

= fhe =00 ©
714, FolA EFELY d8A, hat GEAE
H& 903y, hwmte IALZEEZ YFIYUGn
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(frozen state)$} B3P eioA] Foldd, HYFH
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8l AlAbE A
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237l YN E BAIGEAL lockup tabled] ¥
gslojo gtk uwhebd, FHAZUlA FotFAH s
gkthE 714 (optically thin assumption)2 8 ©
AAAZ dEH4L S5 2ol Fayh

Qu(T. Y =40 Z(Pk *ap,k) (T4"T4b) (11D
o714, o+ Steffan-Boltzmann A<ol®, Pes}t
apxs A2 BAbY st gutgd 4

Planck BdEFFATE ojr@ch 2ot A& W
€& ZEQ ]9 dertslc

24 NO 44 5

Thermal NOwte] AAH==z 2 48
Zel'dovich #IF1UES 3o, 4H&L o
S35 o] Al YEbY 4 gt

wno= Mo (2Kg[N,]1{0]) (12
olg, #&F9 FE[CIY YYE mol/em’oln,
Ko= 1.84%x10" exp(-38370/T) cm®/mol-s°]t}.
NO9 F=7F v]§ Rn A4nkgol uls >=gA
ARHABZE dFd4LF AMo2YE EgAA F
A AR F& AN A.
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B AT Sandia 9749 ETHZ dtistelA
TEoE AP F2/AE-T7) NHEY AESF
d810l did FHHAME B gFFxE ¢
NO AXERE nEsyon, dddolerst A
¢ HaE B3 E AT AEF g Ed
2 HARde JTE B, AFEHAT Agl
06m¢gl SZF7NTE  ted YAT AE
D=375mm % =EZREH $4/8F Ef7IEI
AR od, dEY Hste #$9E& IHAA
G EH EFEL] AA A Holst Aol
Ae FA BHPLErt Yol uz FAEHE Y
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E 2 5= 747 1m/se 294Kelw, QB A E 9
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29 1mst AW 02mE AT ANGES
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CASE| He |Renolds |Exit vel.| flame | fonicn | Tad |
(vol2) | number | (m/s) |length(L) Kl!

1 0 10000 296 180D 0.02832430 !
20 10000 294 150D 0.043 |2360

40 8300 256 100D 0.065 |2260

Table 2 Governing Transport Equations

Table 3 Experimental conditions for H: jet flames
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{a)He 0% dilution  (b) He 20% dilution {c} He 40% dilution
(f, = 0.0283) {f, =0.0430) {f, = 0.0650)

Fig. 1 Temperature fields predicted by RPV model
with HO; and H:0; chemistry and radiation
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Fig. 2 Temperature fields predicted by RPV model
with HO; and Hz0; chemistry and radiation
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