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ABSTRACT 
In this work, density-based topology optimization is applied to the design of a gas-to-gas cross-flow heat 
exchanger. The thermofluid problem is modeled as one fluid flowing within the two dimensionally modeled 
domain (fluid 1) and a second fluid flow perpendicular to this plane (fluid 2); hence, the heat transfer in both 
fluids is explicitly captured in the optimization model. The heat transfer rate between the fluids is maximized 
subject to a bulk temperature constraint on the flow perpendicular to the modeled domain. An optimized cross-
flow heat exchanger design is presented and discussed. 

INTRODUCTION 
Topology optimization [1] deals with the optimization of a material distribution within a design domain under 
given constraints. This allows for the systematic design of engineering systems with the possible advantages of 
reduced development time and identification of unintuitive and novel optimized geometries. The topology 
optimization method originated in structural mechanics but has subsequently been applied to a wide range of 
fields such as fluidics, acoustics, and heat transfer [2]. Topology optimization of thermofluid systems is an 
active area of research and work has been reported for forced convection [3, 4] and natural convection 
problems [5]. In this study, topology-optimization is applied for the first time to the design of a cross-flow heat 
exchanger with explicit modeling of both fluids. For this purpose, a density-field is introduced in the design 
domain which takes the value 0 in areas where fluid 2 flows perpendicular to the modeled domain and 1 in 
areas where fluid 1 flows within the modeled plane. This binary optimization problem is relaxed to continuous 
design variable values between 0 and 1 to allow for the use of efficient gradient-based optimization methods. 

THEORY AND METHODS 
The two fluid flows are assumed to be laminar and pressure-driven and modeled in 2D to reduce the 
computational complexity of the problem. Air is considered as the fluid in both flows. Fluid 1 flows within the 
plane of the modeled domain. Within the design domain, the design density field interpolates between the flow 
of fluid 1 and fluid 2 where fluid 2 flows perpendicular to the modeled plane. The heat exchanger material 
separating the two fluid flows is not explicitly represented in the current model. It is planned to implement an 
interface identification method [6] to explicitly include the properties of the heat exchanger material in the 
thermofluid model during optimization. The Navier-Stokes equations and continuity equation are solved for 
flow 1. Flow 2 is modeled assuming a thermally and fluid dynamically fully developed internal flow in the out-
of-plane direction as presented in [7]. Therefore, it is sufficient to solve a simplified linear Navier-Stokes 
equation for that flow. A Brinkman friction term [8] is introduced to the Navier-Stokes equations of both flow 1 
and flow 2 to prevent fluid 1 from flowing in areas of fluid 2 and vice versa. A single thermal equation that is 
coupled with the fluid mechanics is solved to obtain the temperature distribution in fluid 1 and 2. It represents 
the standard convection-diffusion equation in fluid 1 and an out-of-plane fully developed internal flow 
convection-diffusion equation in fluid 2. An interpolation between both equations is conducted within the 
design domain during the optimization. The inlet temperature of fluid 1 is prescribed and fluid 2 acts as a heat 
sink in the 2D modeled domain as it transports energy in the out-of-plane direction while heating up. Symmetry 
boundary conditions are set at both sides of the modeled domain. The optimization objective is to maximize the 
heat transfer between the fluids subject to a minimum bulk temperature constraint in fluid 2 which allows the 
specification of a desired temperature difference between the fluids. The optimization model is implemented in 
the commercial finite element software COMSOL Multiphysics [9] that is interfaced with MATLAB to 
automate the optimization. The globally convergent version of the Method of Moving Asymptotes (GCMMA) 
[10] is used as optimization method.

RESULTS AND DISCUSSION 
An exemplary optimization result is depicted in Figure 1 showing the optimized design field (a), the 
corresponding temperature distribution in fluid 1 and fluid 2 (b), the flow field of fluid 1 (c), and the fully 
developed flow field of fluid 2 flowing perpendicular to the modeled plane. Three separate flow passages for 
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fluid 2 (red) are formed within the design domain. Channels for fluid 1 (blue) are generated between these flow 
passages to allow for an efficient heat transfer between the two fluids. A clear 0/1 design field is obtained, 
meaning that the optimized design represents a practical geometry. 

Figure 1. Optimized design (a), where blue indicates flow passages of fluid 1 and red indicates flow passages of 
fluid 2, with corresponding temperature field [°C] (b) and respective velocity distribution [m/s] in fluid 1 (c) 

and fluid 2 (d). 
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