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Optical measurement and characteristic-analysis of aeroengine

combustor primary zone with counter-rotating swirler

CHEN Mini SONG Wen-yan, XIAO Yin-li, CHEN Liang, LI Jian-ping

(School of Power and Energy,
Northwestérn Polytechnical University, Xi’an 710072, China)

Abstract;\ For _an aeroengine annular combustor model, coherent anti-Stokes Raman
scattering (CARS) and tunable diode laser absorption spectroscopy (TDLLAS) were used to
measure temperature in primary zone (PZ) for modeling condition (Case 2). Based on Flu-
ent 12. 0 software, two different non-premixed combustion models equilibrium model (EM)
and steady laminar flamelet (SLF) model were adopted to calculate the combustor perform-
ances for the same case. Then comparison between spectral measured temperature and nu-
merical simulated one shows that higher and more accurate prediction were achieved by EM.
What's more, the errors between EM calculation and CARS measurement are less than 6 %.
For cold flow condition (Case 1), not only detailed analysis of flow field in PZ was made,
but also the influence of primary jet on recirculation zone was investigated. Because of the
advantage EM was used for full pressure condition (Case 3) to analyze reaction flow field in

PZ and calculate combustor performances, including combustion efficiency (0.97), overall
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temperature distribution factor (OTDF)

(0.312), etc. These results indicate reasonable

heat transfer and combustion phenomena in combustor model.
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Table 1 Boundary conditions for three cases

BN H#AEE/K R EE/kPa WA

Case 1 861. 49 550
Case 2 861. 49 550 0.026
Case 3 861. 49 3340 0.026

1.3.2 CARS #4551
AT CARS Wl & E#R DX 12 A4S 509 B
RO E WA 3 T . PO A R P R
H TR — A A T B R AT X B, S R A 2 PR,
K2 CARSTEBLER

Table 2 Results from CARS measurement

W R R W | R iR
Mo RE/K | s /K| s /K
Py 2350 P; 2160 Py 2087
P, 2235 Ps 1870 Py 1895
P; 2100 P; 2300 Py 2190
P, 1915 Py 2210 Py 1905

1.3.3 TDLAS jll & 4553
I T R XL OB R AR 1 AR 2 i
7T IR, A 2RI a2 ML R P &
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Table 3 Comparison between CARS measurements

and numerical calculation

MR e EMYEE 518 SLF s 5k

MoOWRE/KORE/K S B®EX O RE/K O REN
Py 2350 2374.73  1.05  1879.26 —20.03
P, 2235 2312.50 3.47  2150.94 —3.76

Ps 2100 2191.61 4. 36 2152.37 2.49
P, 1915 1895.42 —1.02 1717.50 —10.31
Ps 2160 2080.56 —3.67 1658.99 —2.31
Ps 1870 1855.17 —0.79 1624.63 —13.12
P; 2300 2388. 04 3.83 1905.11 —17.17
Py 2210 2300. 19 4. 08 2165.30 —2.02
Py 2087 2178.67 4. 39 2202. 20 5.52
P 1895 2008. 21 5. 97 1877.55 —0.92
P 2190 2104.11 —3.92 1678.34 —23.36
P, 1905 1912. 83 0.41 1663.33 —12.69
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Table 4 Comparison between TDLAS measurements

and numerical calculation

B 1 R PRI BERSY 5K
|1
IRE/K T A RE/K WEY
EM 1426.77 2. 64
iz 1390
SLF 1337. 46 3.78
EM 1406.27  —10.71
iz 2 1575
SLF 1371.05  —12.95
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