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ABSTRACT 

By using CFD modelling on jet engine test cells, it is possible to get a detailed understanding of the internal flow 

conditions and aerodynamic interactions between the test facility and an installed jet engine. This knowledge is essential 

to predict the integration of new engine types into existing enclosed jet engine test beds as well as to support test cell 

trend monitoring. The present paper provides a summary of the CFD modelling of a real jet engine test bed at MTU 

Maintenance. A full scale 3D CFD model is generated, which combines all test bed components, such as inlet, test cell, 

augmenter, and exhaust tower. Within the model, all installations were taken into account, which affect the test cell mass 

flow and/or the local velocity and pressure field around the engine. Exemplary simulations are carried out with a civil 

turbofan engine of medium thrust range at different operating conditions from flight idle to maximum take-off thrust. A 

comparison of simulation results and measured pass-off test data suggests a strong correlation and hereby a high fidelity 

of the presented CFD model. This valid replication of the test bed characteristics opens up various application cases for 

the model resulting in an improvement of safety and efficiency in jet engine testing. 

INTRODUCTION 

Pass-off test runs following the overhaul of aircraft jet engines usually are carried out in enclosed test beds. A 

decisive advantage of these indoor test facilities are noise-shielding effects, but a significant disadvantage arises from the 

secondary flows generated in the test cell, which may affect engine performance. The ejector effect in the entry region of 

the exhaust (augmenter) tube induces a secondary flow around the engine (Muth et al., 2011). This has a negative effect 

on both thrust measurement and engine performance. With an increase in secondary flow, stable flow conditions will 

generally develop in the test cell, but the performance of the engine will also be affected more significantly and the thrust 

difference will be larger compared with an open test bed. If the amount of secondary flow is too low, the risk of vortex 

and hot gas ingestion into the engine will increase. The amount and quality of the secondary flow depends on the test cell 

layout, its size, the type and size of the operated jet engine as well as the operating conditions of the engine itself. 
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Test Bed Parameters and Aerodynamic Characteristics 

Two main parameters in test cell design and operation need to be considered (Marx et al., 2015; Bauer et al., 2009). 

The cell bypass ratio (CBR) is the most important parameter, it indicates possible vortex ingestion into the engine due to 

insufficient secondary flow around the jet engine. CBR is defined as the mass flow difference between overall mass flow 

entering the test cell (WCell) minus the mass flow going into the engine (WEng) divided by WEng: 

CBR  = 
����� � ���	

���	
  (1) 

To ensure stable operation of the engine the CBR should not drop below the value of 0.8 (Freuler, 1991). The structural 

integrity of the test cell must be guaranteed, which is why the second parameter describes the cell depression (CDP) as 

the difference between test cell static pressure (Pstatic,Cell) and outside ambient pressure (Pambient): 

CDP  = 1 −
������,����

��������
  (2) 

Depending on test cell layout and jet engine type, static pressures of 1000 Pa lower than ambient pressure can be reached. 

Further important parameters for evaluation of the flow in the test cell and at the jet engine are the distortion index of 

the front cell indicating the uniformity of test cell flow upstream of the engine as well as the distortion index of the intake 

(bellmouth), which describes the flow distortion at the engine inlet. Additional information regarding these parameters is 

provided in the publications of (Bauer et al., 2009; SAE International, 2021). 

The inlet pressure loss is defined by the total pressure difference in the inlet section of the test bed related to its 

dynamic pressure. These total pressure losses of the installations (e.g. baffles, turning vanes, screens) are the main cause 

of the cell depression (Bauer et al., 2009; Ramos, 2015). 

Additional significant influences on the test cell parameters (CBR, CDP) are the quantity and velocity of the engine 

mass flows entering the augmenter. Turbofan engines with higher mass flows would increase the throttling effect in the 

exhaust section resulting in a decrease of the CBR. A further reduction of the ejector effect would occur due to a decrease 

of the bypass exit velocity (and an increase in bypass flow diameter, especially in the case of UHBR engines). The CBR 

will also be influenced by the position of the jet engine relative to the augmenter entry. For engine nozzle diameters that 

are much smaller than the augmenter diameter, the CBR will increase, if the engine is more distant positioned from the 

augmenter entry. But up to a certain limit, the exhaust jet spreads radially wider than the range of the augmenter diameter 

resulting in a decrease of the CBR. The CBR may be optimized by adjusting the augmenter diameter and/or the position 

of the engine in dependence on the engine mass flow and the nozzle diameter. See the publications of (Karamanlis et al., 

1986; Ramos, 2015; Schatz, 2016) for more information regarding these influences on the ejector effect. 

Due to the influences of the test cell environment on the jet engine, a correlation is required to be able to compare the 

altered engine performance with an engine on an open-air test bed. The test cell influence is particularly apparent in a 

change of engine thrust. Correlation methods and parameters to be considered in thrust measurement are represented in 

(Rios et al., 1998; Bird et al., 1991; Federal Aviation Administration, 2002). The installed engine thrust can be calculated 

with the use of CFD results by taking into account the inlet and outlet momentum of the engine flow as well as the 

pressure forces at the inlet and outlet engine planes. In addition, the pressure forces on all surfaces of the test equipment 

as well as on the thrust frame must be considered. The frictional influences can be neglected in the determination of the 

installed thrust since their contribution is minimal. The publications of (Rios et al., 1998; Farokhi, 2014; European Patent 

Office, 2009) represent the basic equations and components to be used in this calculation. 

Finally, regarding infrasound as a disturbing noise effect in the immediate vicinity of the test bed, the CFD analysis 

of (Pearson et al., 2015) should be mentioned. In earlier test facilities, a ring diffuser (Kopper’s Harp) is sometimes 

placed in the entry of the augmenter tube, which, due to its mixing effect, reduces the long-scale turbulence in the 

augmenter tube and thus the infrasound (Ramos, 2015). 

Figure 1 View of the modelled test cell’s interior with a jet engine and installations [MTU] 



 

3 

Only a limited number of scientific publications on the subject of enclosed jet engine test beds have been published 

in the last decade. In addition, this paper differs from previous scientific publications which present CFD models with 

very simplified geometry and/or models without representing the whole test facility from inlet section to exhaust tower. 

With regard to the orientation of the inlet and outlet section, engine test beds have been built with different layouts. 

The enclosed test bed modelled in this investigation has a U-shape with a vertical inlet and outlet tower, which is the 

common design today. Figure 1 presents the interior of the test cell at MTU Maintenance, designed for operation of 

medium to very high thrust rated turbofan engines. A detailed CAD model exists of the entire test bed, including all test 

cell installations and the test equipment required for the engines. This geometry provides the basis for the CFD modelling 

described in this paper. 

Test Bed Models 

To analyse the test cell aerodynamic characteristics with the help of models, numerical and experimental methods 

may be applied. The advantage of analytical thermodynamic models lies in the ability to predict test cell performance 

characteristics quickly and with relatively less computational effort. These models can also be combined with an engine 

performance program and with CFD results. 

Marx et al. developed an aero-thermodynamic performance model and a CFD model of a MTU test facility (Marx et 

al., 2015). They adjusted and validated both models against each other with additional input of instrumentation data. 

With their synthesis, they were able to show that for each model, the prediction of the test cell characteristics can be 

improved. In contrast to the publication of (Marx et al., 2015), Bauer et al. combined two aero-thermodynamic 

performance models (Bauer et al., 2009). Using a modular approach, they linked a model of a MTU test bed with 

performance models of various engine types. In this publication, the test bed characteristics were investigated as a 

function of the cell layout and different engine types to derive design criteria for new test beds. Another detailed 

analytical model of the engine test bed of TAP is provided in the publication of (Ramos, 2015). This publication 

additionally includes numerous operational quantities of this test cell as well as performance data of selected jet engines. 

The reason for the complex 3D CFD modelling lies in the interest of the test cell operator, who wants to obtain the 

most accurate possible representation of the internal flow conditions and the test bed performance characteristics. This 

enables preliminary studies when introducing new jet engine types or making test cell modifications. Furthermore, it 

allows for a more accurate trend monitoring of the facility with respect to short and long term deterioration effects. 

Although CFD models provide the most detailed analysis results, this is at the disadvantage of a high computational 

effort if the test facilities are simulated in full detail with all its sections and additionally under multiple performance 

conditions of different engines types. 

Gullia, Al-Alshaikh, and Gilmore presented CFD analyses of the flow conditions and the effect of geometric 

characteristics of the test cells on engine thrust determination (Gullia, 2006; Al-Alshaikh, 2011; Gilmore, 2011). But 

these publications have in common that the authors either use very simplified test bed geometries or simulated only the 

test bed sections separately. Previous investigations at the Institute of Jet Propulsion and Turbomachinery of Technische 

Universität Braunschweig have shown that the overall characteristics of the test facilities can be predicted most suitably 

with a complete model considering all sections and most of the internal installations. Especially the exhaust section has to 

be modelled in detail to simulate the throttling of the test cell as accurately as possible. These conclusions emerged in the 

creation of a full scale 3D CFD model of another jet engine test facility in the ongoing development of a digital twin of 

the institute's own turbofan engine (Spuhler et al., 2019). 

 

Figure 2 Side view of the CAD model with installations 
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In the following, the basic geometric model of the test facility as well as the numerical setup with the meshing 

approach and solver boundary conditions will be explained. Afterwards, the results of the CFD simulations at different 

thrust levels of the engine from idle to maximum take-off thrust are compared with the measured data obtained during 

pass-off tests, thus validating the 3D CFD model. The paper finishes with a conclusion and an outlook towards possible 

application cases of the model. 

MODELLED TEST BED 

This section briefly describes the layout of the test bed and the 3D CAD model used as input for the CFD simulation. 

In addition, the instrumentation of the test bed is explained. 

Layout and Geometric Model 

The modelled test bed is a large indoor sea level test facility for maintenance test runs of medium to very high thrust 

turbofan jet engines. Figure 2 shows the geometric model of the facility with all installations considered for the following 

CFD analysis. The basic layout of the test bed is a U-shape with a length of approx. 100 m in which the flow enters the 

facility through a vertical inlet tower (height: approx. 25 m), and exits through a vertical exhaust tower (height: approx. 

35 m). 

In the first part of the inlet tower, the flow will be smoothed and noise damped by horizontal baffles. The turning 

vanes in the second part of the inlet redirect and straighten the air stream from the vertical to a horizontal direction. 

Behind the turning vanes the flow enters the third part of the inlet reaching a debris screen, vertical baffles, and a flow 

control screen. Whereas the debris screen consists of a coarse wireframe, the flow control screen is composed of a 

relatively fine wireframe. The vertical baffles serve as additional noise silencers whereas the flow control screen 

straightens the flow for a smooth entering of the air stream into the test cell and the jet engine. 

The test cell is the part where the engine is located with its test equipment, the instrumentation, and many more other 

installations for test bed operation and preparation of the engine (e.g. test bed lighting and a lifting platform with a hand 

rail). Here, the engine is installed in the thrust frame which includes the force transducers for the measurement of gross 

thrust. 

Finally, the entire test cell flow is collected in the augmenter tube with a deflector cone at its end, which diverts the 

flow through a perforated wall, called a blast basket. This installation slows down, silences, and directs the flow into the 

vertical exhaust tower. Here, the flow is further decelerated by baffles to flow slowly and relatively quietly into the 

surrounding area of the test bed. 

The meshing and subsequent CFD simulations are based on the detailed CAD model shown in Figure 2. This model 

includes the test bed layout with a representation of all cross-sections and installations as well as the jet engine with its 

test equipment. The test equipment covers all components correlated for this test facility, such as Bellmouth, cowling, 

inner and outer contours of the thrust nozzles, and the engine-specific adapters for mounting on the thrust frame. All 

objects with relevant influence on the test cell flow and cell depression were considered in the editing of the CAD model. 

The overall target was to transfer the CAD geometry into a 3D CFD model with as minimal geometrical simplifications 

as possible. 

Test Cell Instrumentation 

The pressure measuring instrumentation for monitoring test cell operation consists of eight probes: Two combined 

total/static and four static-only pressure probes. One combined probe is located on each test cell wall between the test cell 

inlet and engine intake. Two static probes are located on each test cell wall. One probe is installed next to the engine 

between engine intake and engine exhaust. The other one is located between the engine exhaust and augmenter entry. All 

pressure sensors are mounted at the height of the jet engine’s middle axis in an area of low flow disturbance. These 

sensors record the values independently of each other. 

In addition, a temperature probe is positioned between test cell inlet and engine intake. This probe is used to 

determine ISA corrections of the engine’s performance. Atmospheric pressure and temperature are measured outside of 

the facility. 

The existing instrumentation only allows monitoring of the cell depression and the total pressure losses, generated in 

the inlet section of the test bed. Due to the lack of instrumentation in the augmenter and exhaust tower, it is not possible 

to measure the total pressure losses there. Also, the velocity field at the test cell inlet is not measured. 
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NUMERICAL SETUP 

Within this section, the design of the computational grid as well as the jet engine model is described. The applied 

CFD solver and the selection of boundary conditions both are covered at the end of the section. 

Mesh Structure and Mesh Quality 

The computational mesh of the test facility was generated with the software ANSYS ICEM and is divided into 11 

domains. Figure 3 represents an overview of the mesh structure. The domains are interconnected by fluid/fluid or 

fluid/porous interfaces including in total 120 million elements. 

A structured meshing approach with hexahedrons was applied to the inlet domain including the vertical baffles, 

turning vanes as well as horizontal baffles. Both the debris screen and the flow control screen are modelled as separate 

porous domains under the specification of loss coefficients. The determination of the loss coefficients is based on 

empirical calculations, into which the geometries, as well as the blocked areas, were taken into consideration (Idelchik, 

2005). 

An unstructured meshing approach using tetrahedrons and prism elements was employed in the test cell domain 

because of its complex geometry. The cell sizes here vary from 0.5 m in free flow to 0.003 m at walls and complex 

geometry, where the length of the test cell domain measures approx. 30 m. To enable quick replacement of the jet engine 

type, a separate mesh region with its domain was integrated into the test cell mesh. This “engine box” covers the 

proximate flow field around the jet engine and is designed in such a way that all relevant medium thrust jet engines types 

can be accommodated with their specific test equipment. On the one hand, this offers the advantage that the surrounding 

test cell mesh does not have to be generated again when the engine is replaced, and on the other hand, the surrounding 

test cell mesh always remains the same for all further simulations with different jet engines types.  

 

Figure 4: Center cut of test cell mesh (orange) with engine box (green) and augmenter entry (blue), 
figure not to scale 

Figure 3: Global mesh structure of the test bed with boundary conditions and length data 

Engine 



 

6 

The augmenter tube with the blast basket is discretized by a structured mesh using hexahedrons. The perforated outer 

walls of the blast basket are also modelled using a porous domain with loss coefficients determined from the geometry 

and the blocked area in accordance with (Adkins et al., 1996; Idelchik, 2005). At the rear section of the test facility, the 

exhaust tower with the exhaust baffles was also meshed with hexahedrons due to its fairly simple geometry. 

Figure 4 shows exemplarily the rear test cell mesh (orange) with engine box (green) and augmenter entry (blue). 

Here, all meshes are connected by general grid interfaces. In the areas of fast flow and mass flow sensitive regions (e.g. 

behind the engine and in the area of the augmenter entry) densified meshes are required. The dimensionless wall distance 

(y+) ranges from 50 in fast flow conditions up to 200 in slow flow conditions using wall functions. 

Finally, the modelling approach presented here concentrates on the overall performance characteristics of the test 

facility and the interaction with the jet engine. With the resulting computational mesh, the aim of a representation of the 

flow characteristics of all test bed sections and the jet engine is achieved to obtain a prediction of the entire test cell mass 

flow and the corresponding test cell depression. Mesh independence studies were conducted in particular in sensitive 

areas of the test bed such as in the augmenter tube, downstream of the jet engine, and in the inlet sections to ensure that 

the test cell mass flow is independent of mesh resolution. 

Jet Engine Model and Operating Conditions 

A medium bypass turbofan jet engine in the medium thrust range with a common thrust nozzle has been used for an 

initial analysis and validation of the CFD model. The jet engine was integrated into the engine box with its Bellmouth, 

cowling, thrust nozzle, and specific adapters for attachment to the thrust frame based on CAD geometry. However, no 

rotating parts of the jet engine are simulated. But the entire common nozzle assembly has to be taken into account to 

obtain correct flow conditions at its exit plane. Thus, the planes for the jet engine boundary conditions are placed just 

upstream of the fan (but neglecting the tip of the spinner cone, since the influence on the effective flow area is only 

marginal), behind the fan in the bypass duct, and just downstream of the low-pressure turbine. 

For the analysis of the test bed performance characteristics, the simulations have been performed with the entire 

thrust range of the jet engine. This was done by simulating six specific engine thrust levels from ground idle (Thrust level 

1) to maximum take-off thrust (Thrust level 6), which are targeted during the pass-off tests. 

Solver and Boundary Conditions 

The simulations were done with the ANSYS CFX solver using RANS modelling and physical timescale. In this 

process, the simulation period is selected depending on the jet engine’s thrust level in such a range that the test facility is 

completely flown through several times and a constant overall test cell mass flow has been established. The SST k-ω 

turbulence model was used for all simulations, because it is less sensitive within free flow compared to other turbulence 

models, thus allowing stable simulations with valid results. 

Since the overall test cell mass flow is one of the target values, pressure boundary conditions of the environment are 

chosen, such as ambient total pressure at the test bed inlet and ambient static pressure at the outlet plane of the exhaust 

tower. Figure 3 illustrates the locations and types of boundary conditions. At the inlet plane of the jet engine, an outlet 

boundary condition was selected with the specification of the mass flow rate. Inlet boundary conditions have been 

assigned to the planes upstream of the thrust nozzle, specifying the mass flow rate and the total temperature for bypass 

and core flow, respectively. The engine boundary conditions are the results of a validated MTU in-house engine 

performance model. However, this engine performance model calculated the boundary conditions on the engine inlet and 

exhaust without the test cell influence. 

RESULTS AND VALIDATION 

This section presents CFD results for overall test cell mass flow and test cell pressures obtained for six different 

engine thrust levels. The resulting pressures at the specific instrumentation positions of the simulated test cell are 

compared with the measured data to be able to assess the accuracy of the CFD model. 

Test Cell Mass Flow 

Reliable knowledge about the overall test cell mass flow is important for the test bed operator to evaluate the CBR 

and the flow quality in the test cell. However, in terms of measurability, the test cell mass flow is difficult to determine. 

Figure 5 shows the test cell mass flow determined from the CFD simulations as a function of the engine thrust level. 

The ejector effect in the augmenter entry is proportional to the exit mass flow of the jet engine. This indicates that the 

total test cell mass flow rises with an increase in engine mass flow or engine thrust, respectively. Because of this 

proportionality, the CBR for an engine type remains constant over its specific thrust characteristics. An influence on the 

CBR would be, for example, the movement of the engine in the test cell relative to the augmenter entry area, a change in 

the diameter of the augmenter, and an adaption of the throttling effect of the blast basket at the augmenter tube exit. Jet 

engines with higher mass flows would increase the total test cell mass flow, but the CBR would decrease since the 

throttling effect in the exhaust section also rises. Additionally, if the bypass flow diameter increases with a decreasing 
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bypass flow velocity (especially for UHBR engines), the momentum of the engine exhaust will decrease, and with it the 

ejector effect. This causes a further reduction of the test cell mass flow and the CBR, correspondingly. 

In conclusion, the test cell mass flow characteristics resulting from the CFD simulations can be regarded as a valid 

prediction, since both the flow parameters at the engine boundary planes match the results of the engine performance 

model, as well as the resulting CFD pressures at the instrumentation positions show only minor deviations compared with 

measurement. The CFD simulations show stability and convergence at all thrust levels with max. fluctuations in the 

overall test cell mass flow of +/- 0.1%. However, the validation of the mass flow characteristics based on the 

measurement of pressure probes along the test cell walls at the height of the machine axis. A comparison with the real 

test cell mass flow would require a 2D measurement of the flow field. 

 

Figure 6 illustrates the relative flow velocity normalized to mass flow averaged flow velocity in front of the engine at 

thrust level 6 (maximum take-off thrust). For the jet engine type considered here, a high CBR and stable flow conditions 

are obtained. The results show a wide range of flow velocities from incompressible flow in the area of the turning vanes 

and test cell front to high compressible velocities in the augmenter tube. Once the flow has been redirected through the 

turning vanes and passed the vertical baffles, it is smoothed by the flow control screen. This provides an almost 

undistorted flow into the test cell and towards the jet engine. The impact of the ejector effect is visible in the augmenter 

entry. Here, an acceleration of the test cell air occurs due to the high momentum of the engine exhaust flow inducing the 

(secondary) test cell flow around the engine. Subsequently, mixing between the engine exhaust flow and the secondary 

flow begins in the augmenter tube. The secondary flow affects engine performance (e.g. thrust and engine inflow) which 

must be corrected during test runs. 

 

Test Cell Depression Compared with Measurement Data 

For condition monitoring eight pressure sensors are installed in the test cell. The pressures measured separately at 

each probe during pass-off tests can now be used for comparison with the CFD results. For this purpose, the measured 

mean values and the resulting standard deviation (1-sigma spread) of more than 100 jet engines of the same version and 

the same thrust rating are used. 

  

Figure 5 Test cell mass flow depending on engine thrust level 

Figure 6 Side view (center plot on machine axis) of the test cell with velocity distribution 
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Figures 7 and 8 show exemplarily the measured mean values and the CFD results for the front combined total/static 

pressure probe on the left test cell wall depending on the engine thrust levels (Level 1: Idle, Level 6: Maximum take-off 

thrust). Here, all values are normalized to the maximum differential pressure (ΔP = PCell – Pamb) which is obtained at 

maximum engine thrust level. In the example of these two probes, the comparison between measurement and CFD results 

shows a replication of the test cell characteristics with only minor deviations. The differences between measured values 

and CFD results are primarily caused by geometric simplifications and the neglected effect of the test bed conditions on 

engine performance. 

Furthermore, the CFD results determined at thrust level 6 deviate from the differential measured mean values by 

between 0.3 - 1.6% of the static pressures and 1.4 - 3.2% of the total pressures, see CFD deviation in Figure 9. A 

comparison of the measured spread with the CFD deviations in this figure shows that, except for the total pressure probe 

(Total2) on the right test cell wall, all results remain within the standard deviation of the measured values.  

Even though the CFD deviations from the measured mean values increase as the thrust level of the jet engine 

decreases, they remain within the spread of the measured values. For example, Figure 10 represents the results at a 

medium thrust level, at which only one probe position (Static5) in the CFD simulation is slightly out of the standard 

deviation. Here, it can also be observed that for this thrust level both the standard deviation of the measured values and 

the differences in the CFD simulation are higher on average. 

 

  

 

  

Figure 7 Measured mean and CFD differential 
pressures for a specific static probe 

Figure 8 Measured mean and CFD differential 
pressures for a specific total probe 

Figure 9 Measurement spread (1-sigma) 
and CFD deviation related to probes 

differential pressures at thrust level 6 

Figure 10 Measurement spread (1-sigma) 
and CFD deviation related to probes 

differential pressures at thrust level 5 
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The CFD deviations, especially in the total pressure results, might be caused by geometrical simplifications in the 

inlet section of the test bed, which were necessary for the meshing process. Finally, Figure 11 shows the total pressure 

distribution and the positioning of the combined total/static pressure probes in the test cell. A possible reason for the 

relatively high deviation of the Total2 pressure probe (compare to Figure 9) could be its close positioning to the bay (gate 

to the engine shop), shown with the dashed line in Figure 11. The total pressure distribution in the intake of the engine 

results from the high flow gradients there in combination with the low resolution of a few tenths of Pascals in the plot, 

see Figure 11. 

APPLICATION CASES 

This section presents four possible use cases for the created CFD model. During the description of the use cases, it 

also appears why such a complex model was created and which advantages result from the application of a 3D CFD test 

bed model. 

Modifications 

The correlations are only valid for a particular geometric condition of the test cell. If modifications are required, 

these geometric changes can be simulated in the CFD model to determine their influences on the engine. This impact on 

the engine can be assessed by comparing the change in the installed engine thrust (calculation of pressure forces at the 

engine and its test equipment) with a permissible thrust limit change within a correlation. Furthermore, the inflow 

conditions to the engine can be investigated. CFD studies can thus be run prior to applying modifications to the test cell, 

thereby avoiding the possibility of an inoperable test bed. 

For this use case, the unstructured mesh of the test cell and the separate domain in the vicinity of the engine (Engine 

Box) are an advantage, because this enables a relatively fast adaptation of the test cell mesh to a new geometry. In 

addition, the mesh would remain unchanged in the vicinity of the engine, assuming the same engine type. This allows 

better comparability of the influences and a reduction in the mesh-dependent numerical errors in the test cell mesh. 

Capacity 

The test bed capacity represents the ability of a safe operation of a particular jet engine type. The CFD model may be 

used when introducing new jet engine types to enable an initial analysis of aerodynamic test cell / engine interactions. 

Furthermore, recommendations for the construction of new test facilities can be derived. This ensures that unexpected 

problems, for example engine vortex ingestion, do not occur when new test beds are put into operation. Since the 

implementation of a new engine type into a test bed requires a massive invest of time and money, a failure of correlation 

due to an insufficient test bed must be avoided. Using the CFD model, test cell capacity can be proven at a very early 

project phase, allowing a low-risk, cost-effective and safe implementation. 

The boundary conditions in the CFD model were selected in such a way that the test cell mass flow is a result of the 

ejector effect. This allows the investigation if a specific jet engine type may be tested safely and which modifications are 

required in the event of aerodynamic instabilities. In addition, the Engine Box was implemented for an easier exchange of 

the engine type. 

  

Figure 11 Top view (center plot on machine axis) of the test cell with total pressure distribution 
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Instrumentation 

The correct location of the test bed instrumentation is essential for performance and condition monitoring. The CFD 

model enables the evaluation of ideal positions of measurement probes to ensure valid data quality and 

representativeness. In particular, this is essential prior to the launch of a new test bed, which can also result in significant 

cost savings. In the previous section, the CFD results show a relatively high deviation at the measuring location of the 

total pressure probe 2 (see Total2 in Figure 9). This probe may not be optimally located in the close vicinity to the bay 

(see dashed area in Figure 11). Additionally, the test facility could be provided with instrumentation at the exit of the 

augmenter tube to obtain further data for a comparison with CFD results or for test bed monitoring. 

The instrumentation positions can be determined in advance for new test bed developments, depending on the test 

bed layout and its installations. This results in ideal instrumentation locations in areas of undisturbed flow with an 

optimal measurement quality. 

Inflow conditions 

During specific weather conditions the inflow to the test bed can be affected by crosswinds and re-ingestion of the 

exit flow of the exhaust tower. The simulation of crosswind scenarios provides limits for the maximum wind speed 

depending on the wind direction. As a result, it can be determined at which weather conditions specific engine tests are 

no longer recommended. Also, for new test bed constructions, non-ideal weather conditions and the resulting velocity 

distortion should be investigated. Early application of CFD studies allows unsuitable flow conditions to be analysed in 

advance, thus avoiding costs associated with troublesome engine tests. 

Therefore, the test facility was modelled in full detail with both towers to be able to extend the model with a far field 

(ambient domain). 

CONCLUSION 

3D CFD modelling and validation of an enclosed jet engine test facility of MTU Maintenance was presented in this 

publication. With regard to various application cases, it was shown how a full scale CFD model of a jet engine test bed 

with all of its components was created. 

The CFD simulations were done with a medium bypass ratio turbofan engine of a medium thrust range. With this, 

the test bed aerodynamic characteristics were determined on the basis of six specific engine thrust levels ranging from 

idle to maximum take-off thrust. The comparison between mean measured values as well as their standard deviation with 

CFD results reveals a valid correlation. For the highest and most important engine thrust level (maximum take-off), the 

deviations between the measured mean values of the individual pressure probes and the CFD results are between 0.3 and 

3.2%. Thus, the CFD model allows for a prediction of the test cell aerodynamic characteristics. Furthermore, it can be 

concluded that the resulting test cell mass flow characteristic is determined with high precision. 

Various application cases for the CFD model have been explained in detail: The model may be used to analyse the 

test cell performance characteristics in the event of structural modifications or deterioration. Due to the modular structure 

of the model, an adaption of the computational mesh could be realized relatively quickly. Another use case occurs during 

the integration process of new engine types to predict the flow conditions in the test cell to verify a safe engine operation 

in advance. Therefore, the CFD model should be complemented in the near future with additional jet engine types of 

higher bypass ratio and very high thrust level to verify, if valid results can also be obtained with such a model scaling. 

The ability to locate ideal instrumentation positions was highlighted as another application case. This improves 

measurement quality during test runs or in conjunction with instrumentation planning of a new test facility. The complete 

modelling of the test bed provides the possibility to simulate adverse weather conditions (crosswind) at the inlet tower. 

This allows the analysis of unsuitable inflow conditions as a further application case, especially prior to a test run or 

during development of a new test bed. 

The CFD model presented within this publication was entirely modelled at a high level of detail. Through all four 

application cases, this full CFD model contributes to cost-effective and safe engine testing. Test cell aerodynamics and 

performance characteristics can be well predicted for test cell modifications and new engine types. Instrumentation 

positions can be optimized for high quality test results. Any unexpected occurrences in case of test cell modifications 

and/or new engine types can be identified prior to executing expensive test runs. As a result, the CFD model is strongly 

useful to save considerable costs and time both in the operation of existing test beds and in planning of new ones. 
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NOMENCLATURE 

P Pressure   

ΔP PCell - Pamb   

W 

y+ 

Mass Flow 

Dimensionless Wall Distance 

  

    

ambient Ambient Conditions CAD Computer Aided Design 

Cell Test Cell CBR Cell Bypass Ratio 

Eng Engine CDP Cell Depression 

meas measured CFD Computational Fluid Dynamics 

norm normalized ISA International Standard Atmosphere 

static Static Conditions RANS Reynolds-averaged Navier-Stokes 

total Total Conditions SST Shear Stress Transport 

  TAP Transportes Aéreos Portugueses 

  UHBR Ultra High Bypass Ratio 
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