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The need for a lower cost and a shorter time of liquid-propellant rocket engine (LPRE) development and
production often leads to the decision to use bundles of multiple engines developed individually in launch
vehicles’ sustainer liquid-propellant rocket propulsion systems (LPRPSs). This opens up prospects for providing a
desired thrust by including the necessary number of engines in the bundle. Using sustainer LPRPSs with multiple
engines causes additional problems due to the fact that the engines start nonsimultaneously. This may disrupt the
operation of engines that start with a delay or produce an overturning moment when rocket detaches from the
launcher. The aim of this paper is to study dymanic processes at the start of a multiengine LPRPS with four
LPREs with oxidizing generator gas afterburning with account for the possibility of the engines starting
nonsimultaneously. The paper presents a mathematical model of the start of the multiengine LPRPS under
consideration and the results of calculations by the model. It is shown that, as distinct from all the engines starting
simultaneously, their nonsimultaneous start may result in deep prolonged dips in the propellant flow rate
accompanied by deep prolonged dips in the pressure at the engine inlets. This may cause cavitation stall in one or
more pumps, which may disrupt the operation of the whole of the propulsion system and result in an emergency.
The results of mathematical simulation of the four-engine LPRPS  start show that the character and degree of the
effect of possible engine start delays on transients depend on a variety of factors governed by the LPRPS
composition and dynamic performance, start conditions, etc. Because of this, for multiengine LPRPS start
reliability to be improved, in each particular case, i.e., for each new or upgraded LPRPS and launch vehicle, start
transients should be studied numerically with account for a nonsimultaneous start of the LPRPS engines.
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