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Abstract 
 
In the last decade, a trend arose in the space industry: the "New Space" [1]. Historical space actors and young companies 
participate to develop this economy by working on a growing number of innovative concepts. Within this context, the 
mission's economical cost and its impact on the environment become the main drivers when designing new projects. 
The overall architecture of the launch vehicle and its propulsion system are key elements to be optimized to reach an 
acceptable level of sustainability and profitability. The propulsion system design is a typical multidisciplinary problem 
involving several disciplines (or subsystems) such as the thrust chamber, the feedsystem and the cooling system.  
  
Besides, in the preliminary design phases, some architectural and technological choices need to be made for the 
propulsion system (the cycle's choice for instance). These choices strongly impact the overall system behavior. Within 
the mathematical formulation of the design problem, they can be embedded in a particular type of design variables 
(called dimensional variables). Depending on their values, the latter modifies the number of variables and constraints 
of the optimization problem. Such variables generate highly combinatorial, computationally complex problems called 
variable-size design space problems (VSDSP). The present paper aims at addressing VSDSP by investigating classical 
approaches.  
  
The Multidisciplinary Design Analysis and Optimization (MDAO) framework is a set of tools for the preliminary design of 
engineering systems [2] allowing to solve large multidisciplinary problems. Numerous problem decomposition (MDAO 
architectures) and optimization algorithms have been developed in the last decades [3]. They allow, by innovative 
mathematical formulations of the problem, to distribute the overall complexity to a series of coordinated less complex 
optimization problems.  
  
In this work, four MDAO architectures are under focus. They belong to two categories: monolithic and distributed. The 
members of the first category solve the design problem by formulating it as a single optimization problem. The two 
monolithic architectures implemented in this paper are Multidisciplinary Feasible and Individual Discipline Feasible [3]. 
The methods of the second category divide the problem into several coordinated subproblems optimizations. 
Collaborative Optimization [4] and Analytical Target Cascading [5] are studied in this paper. The important focus of this 
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review is to analyze the capability of the aforementioned MDAO formulations to handle dimensional variables. To 
evaluate their abilities to deal with VSDSP, the performances of the MDAO architectures are compared in terms of 
computational efficiency, optimality, scalability, convergence properties, number of variables to optimize and accuracy.  
  
The methods are implemented for a liquid rocket engine (LRE) design problem with three disciplines (thrust chamber, 
feedsystem and cooling). The model of engine optimized in this study is a LOX-LH2 LRE with a gas generator cycle where 
the number of turbines is a dimensional variable. 
  
In this paper, the MDAO architectures and their mathematical formulations are described. Numerical simulations are 
performed on the LRE design problem to compute the parameters of merit useful for comparison purposes. Finally, a 
discussion about the results is proposed and the most suited generic MDAO formulation to deal with VSDSP is 
highlighted. 
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