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Study on abnormal pressure pulsation of gas path

in a liquid rocket engine
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Abstract; In view of the abnormal pressure pulsation in the gas path of a liquid rocket engine, two
flow patterns of spiral flow and bifurcation flow were obtained by numerical simulation, and an explana-
tion for the flow instability caused by the mutual switching of two flow patterns was proposed. The large
spiral vortex in the three-branched gas pipe and the spiral flow in the hydrogen/oxygen gas pipe will
cause the flow resistance to increase, resulting in the local pressure jump in the gas path. The phenome-
non of pressure jump during the hot fire test was reproduced by the numerical simulation and the gas flow
test, and the flow stability boundary of the gas path was obtained. The hot test results show that when the
split ratio is greater than 0. 5, the probability of abnormal pressure jump in the gas path increases obvi-
ously. Numerical simulation and gas flow test show that when the split ratio is in the range of 0.5 - 0. 65
and 0. 48 — 0. 6 respectively, there will be mutual switching between the two flow patterns and abnormal
pressure jump will occur. The abnormal pressure jump of gas path has nothing to do with the combustion
process and the combustion chamber pressure, but only with the split ratio. Setting a cross baffle in the hy-

drogen/oxygen gas pipe cannot inhibit the pressure jump in the gas path. According to the gas flow test and the
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hot fire test, the perforated device can effectively restrain the pressure jump phenomenon in the gas path.

Keywords : three-branched pipe; pressure jump ;flow instability ; spiral flow;liquid rocket engine
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Fig.1 Typical pressure curve in hot fire test
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Fig.2 Test condition statistics of pressure jump
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Fig.3 Simplified model of gas path
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Tab.1 Calculation results

F5 EMASEMNe/ (kg s™) Al ARRSEHROES/MPa SR SEH OE S/ MPa biRLA
1 0.6 3.21 7.990 7. 670
2 0.8 2.41 7.703 7.941 i i
A2 T v N
3 1.0 1.93 7.692 7.924
4 1.1 1.75 7. 684 7.913
5 1.2 1.61 - - FUS AT
6 1.3 1.48 - - PR 7Y 2 ]
7 1.4 1.38 7.598 7.832
8 1.6 1.20 7.564 7.781
9 1.8 1.07 7.541 7.733
10 2.0 0.96 7.522 7. 684 WEHER A RIR
11 2.5 0.77 7. 496 7.562
12 3.0 0. 64 7. 491 7.434
13 3.2 0. 60 7.504 7.389
14 3.3 0.58 - -
Z_‘ ‘T b
15 3.5 0.55 - - WJ& ﬁﬂ\n
PRI 5 2 ]
17 3.9 0.49 - -
18 4.0 0.48 7. 605 7.267
19 4.5 0.43 7.598 7.089 IR, TERIR
20 5.0 0.39 7. 580 6. 866
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Fig.4 Schematic diagram of streamline in three-branched pipe with two flow states
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Fig.5 Convergent residual curve
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Fig.6 Nonconvergent residual curve
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Fig.7 Schematic diagram of gas flow test system
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Fig.8 Typical pressure curve of gas flow test
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Fig.9 Pressure curve of gas flow test with cross battle
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Fig.10 Pressure curve of gas flow test with cross battle
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Fig.11 Chamber pressure of gas generator in hot

fire test with perforated device
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