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„404 Cluster not found“ – LES-Ergebnisse auf Workstation 
Hardware?

An evacuated tube train (or Hyperloop) is a high -speed mode of transport that aims to

reduce energy demands . The idea is to reduce air pressure within a tube network ,

hence “evacuated tube”, in order to minimise the total aerodynamic drag, which is linearly

dependent on the fluid’s density .
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This neglects the influence of changing drag working mechanisms.

One of the major challenges in ETTs is the choking of the flow around the pod, which occurs

depending on operating conditions defined by the Mach number �/ �¶ and blockage ratio �$�4=

�¤�#�É𝑃𝑃�× �#�Í�è�Õ𝑇𝑇, defined as the ratio between cross -sectional pod and tube area [ 1] .

Choking is induced by the limitation of flow acceleration past a Mach number of �/ �ß𝑙𝑙�Ö. > 1.

When the flow becomes choked, a shock wave is formed which significantly increases

pressure drag . The shock wave at the rear of the pod (marked in bright red in the title

image) interacts with the boundary layer forming a shock - induced boundary layer

separation (SIBLS) , which results in an extremely complex flow field . Common

computationally affordable methods, such as RANS CFD, have been shown to struggle in

resolving the complex interaction in SIBLS as seen in choking conditions .

We investigate the use of a relatively novel hybrid RANS- LES approach in form of the

Hybrid -Temporal large eddy simulation (HTLES) method in order to investigate its

feasibility concerning result quality and computational feasibility in augmenting pure

RANS methods [ 2] .

Central Questions:

– How does HTLES compare in result quality against established RANS models, 

particularly in mean drag prediction?

– Does HTLES offer any new insights over established RANS models allowing for in -depth 

analysis of drag working mechanisms?

– Is HTLES computationally affordable in an applied research & development context?

Background 

A fully axisymmetric geometry is set up to reduce computational requirements and focus on

key effects . The general setup, including computational domain and pod dimensions, is

depicted in Fig. 1, with an additional frontal view illustrating the heavy use of the

axisymmetric geometry . We tested against a variety of sector angles from half symmetry

(180° ) down to 30° , as seen in Fig. 1. We found little difference in mean drag prediction or

spectral turbulent kinetic energy distribution between all sector angle configurations .

Further reducing the sector angle might lead to a 2.5D effect on the flow that might not be

sufficient to resolve inherently three- dimensional turbulence effects such as vortex

stretching . Comprehensive testing is required for use of periodic boundary as alternative.

Methods & Geometric Setup

The comparison of integrated global quantities, particularly the drag coefficient as a

measure of normalised drag, has shown very good agreement between RANS/URANS

(k - �Ô SST) results and the HTLES results . This is unexpected as it did not fit our initial

research question, implying the struggle of RANS turbulence models in resolving SIBLS .

Besides mean aerodynamic coefficients, temporal effects play an important role in

designing novel modes of transport both for cargo and passengers. We performed a

spectral analysis of all studied configurations, ranging from �/ �¶ = 0.55 …0.70, where SIBLS

is the dominant drag working mechanism, Fig. 3. In these spectral analyses we found two

key insights, demonstrated here for the case of �/ �¶ = 0.625, Fig. 2.

I. We found significant correlations between the shock position and separation position,

and even stronger correlation between the separation position and drag coefficient .

II. We also found that URANS (not shown) did not resolve any spectral information,

despite using the identical temporal resolution .

Predicting not only mean quantities but temporal evolution is particularly important in

passenger transport . Similar to transonic buffet ( 10 Hz…100 Hz), excitation can lead to

structural fatiguing or full -pod oscillations in addition to discomfort, nausea, or even

injury in humans . These results indicate that while URANS models and HTLES agree in

mean drag prediction, URANS is unsuitable for temporally resolving SIBLS .

Results – Spectral Analysis

After showing promising results surpassing RANS capabilities for in -depth analysis, we

evaluate the computational feasibility . Is a supercomputer required to get LES-class

results for shock - induced separation region? All simulations were performed on a 2019

AMD EPYC 7742 workstation with 64 cores . Each simulation took four days for statistical

convergence and sampling, demanding 6144 core -hours . On 2023 Intel Xeon hardware

this was further reduced to 2760 core -hours . HTLES provides in -depth analysis

capabilities for the computational cost equivalent to ten URANS simulations .

Results – Computational Feasibility
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Fig. 3. Instantaneous numerical schlieren 
image with Q -criterion isosurface to 
visualise major turbulent structures.
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Fig. 1. Setup of computational domain including frontal view of axisymmetric optimiz ation .

Fig. 2. In -depth spectral analysis of �/ �¶ = 0,625 configuration with correlation of drag, boundary layer separation and shock wave 
positional data. Discrete Fourier data at 1 Hz resolution, continuous lines are only used for improved readability of the plots.


