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Analysis of hammer shock load characteristics in S-duct
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(1. School of Civil Engineering,
Beijing Jiaotong University, Beijing 100044, China;
2. Shenyang Aircraft Design and Research Institute,
Aviation Industry of Corporation China, Shenyang 110035, China)

Abstract; To analyze the effect of instantaneous high pressure profile caused by engine
surge on the hammer shock propagation, an S-duct model was simulated under conditions of
both subsonic and supersonic inflow, based on improved delayed detached eddy simulation
(IDDES) method. Results showed that when hammer shock was generated, it propagated
upward along the inlet rapidly with approximate constant speed and the strength of hammer
shock increased. Meanwhile, the aerodynamic load of S-duct inner wall was uneven under
the influence of centrifugal force field; the aerodynamic load on side wall with the larger radi-
us was greater. Increasing the pressure loading gradient led to quicker hammer shock propa-
gation speed and enhanced strength, however different unloading pressure profiles had no
obvious effect on the hammer shock propagation speed and strength. Under both subsonic
and supersonic inflow conditions, the intensity of hammer shock increased with the growth
of maximum value of instantaneous high pressure, approximately matching the quadratic
function distribution law. The hammer shock intensity of supersonic inflow was greater than

the subsonic inflow.
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Table 1 Calculational cases

T# M. s/ BERE/ R

op.max

Y2 ) (kg/s) AR
1 0.9 0 77.7 B3 1.8
2 0.9 0 77.7 Fm 2 1.8
3 0.9 0 77.7 FM 3 1.8
4 0.9 0 77.7 HA 4 1.8
5 0.9 0 77.7 A5 1.8
6 0.9 0 77.7 A6 1.8
7 0.9 0 77.7 A7 1.4
8 0.9 0 77.7 JT 8 1.6
9 0.9 0 77.7 A9 2.0
10 0.9 0 77.7 KA 10 2.2
11 1.5 0 76 AR 7 1.4
12 1.5 0 76 FHE 1.6
13 1.5 0 76 H3 1.8
14 1.5 0 76 FHE9 2.0
15 1.5 0 76 KA 10 2.2
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Table 2 p,for different OPRs
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1.5 2.09 2.24 2.56 3. 27 3. 66

4.0 = :
Ma =0.9, simulation
= Ma =09, fit curve ’
351 - Ma =125, simulation
s Ma =15, fit curve .
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Fig. 18 Variational law of maximum p, with OPR
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®3 TRABERSEKRETELREEBEEE (LM m/s)
Table 3 Hammer shock velocity for different maximum
OPRs (unit:m/s)

R,,
Ma..
1.4 1.6 1.8 2.0 2.2
0.9 144 160 180 220 253
1.5 149 170 190 235 256
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