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Effects of baffle on the acoustic mode characteristics of liquid rocket

engine combustion chambers
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Abstract: The Helmholtz equation with the mean flow source term was solved by the acoustic finite
element method. Then, on the basis of considering the high temperature and average flow field of the
combustion chamber, the influence of baffle structure parameters on the acoustic mode characteristics of
the liquid rocket engine combustion chamber was analyzed. The results showed that: increasing the
number or length of baffle reduced the eigenfrequency of the first-order tangential mode of the combustion
chamber; when the number of baffle was 4, the damping rate of the first-order tangential mode of the
combustion chamber was greatest; the longer length of the baftle indicated the smaller distribution area of
the first-order tangential mode acoustic pressure and the larger damping rate; the type of baffle had an

insignificant effect on the first-order tangential mode characteristics of the combustion chamber.
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Table1 Geometrical parameters of the RD-170

engine combustion chamber'""!

mm
SR Bl
R AR 380
PR IR B i 490
IR B AR 235.6
bt s BE 40
P Al JE g 18.7
PR EE A HAR 143
Wi B AR 17.5

&2 RD-170 EFHEREEE FHRHSH "
Table 2 Average flow field parameters in the RD-170

engine combustion chamber'"”!

B2 PRPEE Ui
F&J1/MPa 24.55 27.0
TRLEE/K 3676.1 687.7
L 12 1.33

JEE SR 5 H:/ (g/mol) 2421 31.91
%/ (kg/m’) 19.45 150.7
7/ (m/s) 1231.9 487.5
HE/(m/s) 326.9 93.4
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Fig. 1 Schematic diagram of the free tetrahedral mesh of the

RD-170 engine combustion chamber
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Table 3 Eigenfrequencies and damping rates of the

main acoustic modes of the RD-170 engine

combustion chamber

A JHiE/Hz FHJE 3%/ (rad/s)
1L 1405.1 602.4
1T 1874.5 383.6
1L1T 2614.2 616.1
21(1) 2958 700.8
2T(2) 2963.7 690.6
3T 3622.5 1387.8
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Fig.2 Sound pressure contours of first three orders tangential

mode on the combustion chamber
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Fig. 3 Trend of the first three orders of tangential mode eigenfrequencies in the combustion chamber with the number of baffles
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Fig. 4 Trend of the first three orders of tangential mode damping rates in the combustion chamber with the number of baffles
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Fig. 5 Sound pressure contours of 1T mode in the combustion chamber for different number of baffles
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Fig. 6 Sound pressure contours of 2T(1) mode in the combustion chamber with different number of baffles
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Fig. 7 Sound pressure contours of 3T mode in the combustion

chamber with different number of baffles
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Fig. 8 Trend of the first three orders of tangential mode eigenfrequency in the combustion chamber with the length of baffles
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Fig. 9 Trend of the first three orders of tangential mode damping rates in the combustion chamber with the length of baffles
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Fig. 10  Sound pressure contours of 1T mode in the combustion chamber with different length of baffles
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Fig. 11  Sound pressure contours of 2T(1) mode in the combustion chamber with different length of baffles

20220352-7



IR DA

%39 %

Re(p) —1.0 —0.8 -0.4

.
LI

(a) Bt K% 440 mm

(b) Bt A< B 2470 mm

(c) PRI JE 100 mm (d) PR <42 120 mm

12 ANFEIRAHR R T be s 3T BESH R M =

Fig. 12 Sound pressure contours of 3T mode in the combustion chamber with different length of baffles
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Table 4 Eigenfrequencies of the first three orders of tangential modes of the combustion chamber with different type of baffles

wx iR 1 B 2 Fib 3
i HFAER Mz HHESR/ Mz LA /% HEEYIR Mz AR %
1T 1874.5 1860.5 -0.8 1887.3 0.7
2T(1) 2958 3075.2 4.0 3118 5.4
2T(2) 2963.7 3083.7 4.0 3125 5.4
3T 3622.5 3613.5 -0.2 3845.1 6.1
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Table S Damping rates of the first three orders of tangential modes of the combustion chamber with different type of baffles
Pt 1 Pt 2 Pt 3
WA
FHJE/(rad/s) FHJE#/(rad/s) AR E /%% FHJE#/(rad/s) A %
1T 383.6 403.6 52 400.0 43
2T(1) 700.8 909.6 30.8 760.6 8.5
2T(2) 690.6 918.7 33 753.1 9.1
3T 1387.8 1400.3 0.9 1186.4 —-14.5
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