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Table 1 Test condition

Fuel ) T/IK p/MPa . Ka Le, r~ry/mm D, /mm
CH,?" 0.9 300~423 0.1~0.5 206~8 750 0.41~10.35 1.00 25~45 300
NH, 1.0 298 0.1~0.3 1188~3 571 0.12~7.40 1.00 20~45 440

NH,/CH/H,"" 0.6~0.8 373 0.1~0.5 49~1237 0.07~10.34 0.63~0.96 20~45 440
H," 0.4~1.0 298 0.1~0.5 11~936 0.03~45.66 0.33~1.10 30 406
H,'?! 0.4~5.0 298 0.1 7~160 0.04~8.96 0.33~2.24 15~45 303

H,/NH,?! 0.8~1.3 298 0.1~0.5 42~1 661 0.51~89.22 0.88~1.62 15~45 303
H,/CH," 0.4~1.0 298 0.1 30~616 0.14~33.26 0.58~1.19 15~45 303
H,/CO"* 0.7 298 0.1~0.5 26~727 0.20~3.89 0.73~1.05 15~45 303
H,/C,H, [ * 0.5~1.0 393 0.1 10~295 0.05~9.84 0.63~2.48 15~45 303

C,H 0.7 298 0.1~0.5 402~8 535 1.79~12.13 1.62 25~45 300
i~C H, 1.0 423 0.1~0.5 259~5 768 0.39~1.85 1.43 25~45 300
i~CgH 1.0~125  358~373 0.1~0.5 122~3 012 0.55~3.56 0.93~2.94 25~45 300
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Fig. 1 Turbulent conditions for the data displayed in Table 1 plotted on the Borghi-Peters diagram''
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Table 2 Summary of S, correlations
Correlation & Author Equation Parameter C Progress variable ¢
) S u, 0.5
cl Giilder'® el L C(*) Re "> /1.7 0.62 0.5
SI, SI,
S L\ 038 0.38
c2 Kobayashi et al'®’ 2r ool L ( P ) 2.90 0.5
S, S, 0.1 MPa
g C L\ 03 02
c3 Muppala et al’*” 20 2] 4~ Re, " P 0.46 0.5
uppaiaeta s, VTR s ) Vo viea
5 -0.3
C4 Bradley et all'”! i? = C[O.157(;) ReT_O'SLe:| 0.88 0.5
u L
cs Chaudhuri et al''®’ = CRey "™ 0.10 0.1
L
. [38] ST - g] 0.47
Co6 Liu et al"™- — = CDa 0.14 0.5
u
S , 0.42
c7 Ng tall'? RURNY,) . S 2.54 0.5
guyen et a SL SL 01 MPd e
S )04
8 Nguyen et al'"*’ 5" C(Rey g le™) 0.26 0.5
ML
S, 0.5
9 Nguyen et al''*’ =L = ¢(DaLe™) 0.09 0.5
uw
. S.. 1 0:66
10 Cai et al = C(Rep g, Le7) 0.16 05
L
s
c11 Wang et al*! 5 CKaDa"** 0.78 0.5
~L
s
C12 Lhuillier et al *’ S—T = CDaKa"'** 0.18 0.1
L
0.5 , 0.41
c13 Dai et al'® S c( L, ) £_r 0.47 0.5
S, 1 mm S, 0.1 MPa
S , 069 L 0.31
Cl4 Wang et al'! S—IT = C(;.. ) (3') Le™! 0.26 0.1
140
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Fig. 2 Predictive accuracy of S, based on MAPE
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T FB R X RS O AT RS . AN 4 TR L T A T
B AR Ka B0(H KN, 43 A Ka<1, 1<Ka<10 fl Ka>10
=AY o [RIFEML, =R R S, T AR Y i)
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R AR WY IR INTER S, AT LA B, X
TR £ 80 S, T A RLAE Ka>10 15 6 B /N MAPE A
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Table 3 Original and modified parameters C and MAPE

Correlation c MAPE  Modified C Mﬁ;“;];m
c1 0.62 0.50 0.37 0.39
c2 2.90 0.34 2.02 0.24
3 0.46 0.34 0.64 0.28
c4 0.88 0.95 11.02 0.68
cs 0.10 0.66 0.06 0.50
6 0.14 0.56 0.29 0.35
c7 2.54 0.20 2.58 0.20
8 0.26 0.58 0.18 0.61
o 0.09 0.95 0.71 0.76
c10 0.16 1.31 0.06 0.56
cl1 0.78 0.81 0.39 0.57
cl2 0.18 0.67 0.26 0.60
c13 0.47 0.28 0.38 0.23
cl4 0.26 0.56 0.49 0.43

BT A B B 1 o 1 B S A 6 T A Ka 95 Y
MAPE 5 4= 7l 4 0 v B0 B2 42 00T, 3 8 1) 244 7 26 Tk 1)
R 2 BB AL Tl T 85 Ka 100 SR, an& 5 i
RGN Ka 5T A IES 8 C A S 2 A5,

90

C10.3<Le<0. 744
80 FC10.7<Le<1.0%03E _
70 | 1 1.0<Lefidf — L
| BT e M
50 |
40 b

30 F m
20 H
il
0
Cc7 C3 Cl4

clo 8 ¢4 09
S, B

Fig. 3 S, prediction accuracy evaluation and correction

MAPE/%

based on data from different Le range

C7,C2,C4,CO AR 1k A% T 30% , 156 B 3 46 455 2 Xof
AN ) Ka 15 1B T2 450 5L A7 AR AL A T80 68 7 o 25 Aok
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O PR B AT B4 ) 5 3 M 5 7E 5 R Le 52 W A B AY
C7Eﬁr“Leml£I%uKaTﬁ WHETEREAEEE. N

HE— 25 TE S, I AR AL OIS B L AR R S, 4 il
UC6$HC77WJ XF 45 S E 5 e I R B ST 5 T C2
5 CTIERHEE AR VR 75 18 Le 5200 B 42 1H C7
T T 5 B2 5% .

Table 4 Modified parameter C depended on data from different Le range

Correlation 0.3<Le<0.7 0.7<Le<1.0 Le>1.0 Rate of C/%
Modified C Minimum MAPE Modified C Minimum MAPE Modified C Minimum MAPE

C3 0.68 0.20 0.54 0.37 0.73 0.13 30

C4 27.74 0.70 9.83 0.75 11.28 0.55 162

C7 3.07 0.22 2.59 0.23 2.47 0.14 23

C8 0.36 0.32 0.07 0.66 0.27 0.40 161

C9 1.43 0.83 1.16 0.74 0.54 0.69 125

C10 0.11 0.27 0.02 0.58 0.11 0.31 150

Ccl4 0.60 0.18 0.41 0.51 0.62 0.33 39
$0 [ I Ka<1500E _ BAY T 4635 0 K SN O P L LA SR B K S,
L= T f DR A < TR A T M T B K A T G 4
O T AR —allalknLTAlR DR o'/, 55 L,J8) i 108 T3 6 BRSO R A 3, K

wn
(=)

il

0
C7CI3C2 C3 C6 C1Cl4C5Cl10C11C12C8 C4 C9
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Table 5 Modified parameter C depended on data from different Ka range

Ka<1 1<Ka<10 Ka>10
Correlation Rate of C/%
Modified C Minimum MAPE Modified C Minimum MAPE Modified C Minimum MAPE
Cl 2.61 0.21 2.51 0.19 3.16 0.23 176
Cc2 0.35 0.15 0.40 0.19 0.82 0.17 23
C3 1.79 0.13 2.06 0.23 3.52 0.13 270
C4 0.60 0.28 0.64 0.27 1.05 0.13 4
C5 0.29 0.27 0.28 0.33 0.82 0.24 900
C6 0.37 0.24 0.34 0.39 1.19 0.11 293
Cc7 0.55 0.52 0.47 0.37 0.69 0.16 9
C8 0.06 0.34 0.07 0.47 0.64 0.36 322
C9 0.03 0.56 0.07 0.55 0.19 0.37 23
C10 0.43 0.68 0.38 0.52 0.81 0.24 717
Cl11 0.34 0.71 0.25 0.55 0.43 0.29 46
C12 0.17 0.69 0.18 0.53 0.62 0.42 173
C13 32.12 0.64 12.89 0.44 2.78 0.56 7721
Cl14 0.55 0.63 2.26 0.57 12.95 0.54 2531
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Assessment and development of applicability of
turbulent burning velocity correlations over
a wide range of conditions

CAI Xiao, DAI Hongchao, WANG Jinhua, HUANG Zuohua

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To develop the highly applicable turbulent burning velocity (S;) correlations, this study com-
pares the accuracy of recently proposed S; correlations across a diverse range of conditions. The mean absolute
percentage error (MAPE) of 14 S, prediction correlations was determined using 300 data sets spanning a wide
range of conditions. To enhance accuracy, the adjustable constant term, initially suggested by the author in the
original correlations, was adjusted by identifying the minimum MAPE. The results indicate that correcting the fit-
ting constant terms under broader conditions improve the accuracy of the original correlation. However, most mod-
els are proved not universal for a wide range of Lewis numbers (Le=0.33~2.94) and Karlovitz numbers (Ka=0.03~
90). While Liu and Nguyen’s correlations exhibit good applicability for fixed Le condition (Le=1) and arbitrary
Le conditions (Le=0.33~2.94) , they lack consideration of the Damkshler number (Da) and the relative turbu-
lence length scale (L/8), respectively. Therefore, this work proposed two modified prediction correlations, re-
ducing the MAPE to 11.5% and 15.5%, respectively.

Key words: Turbulent burning velocity; Turbulent propagation flame; Velocity correlation; Broad condi-

tion; Differential diffusion
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