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1. Context and objectives 

 

The objective of task 5.1 of WP5 is to provide other WPs with specifications for model designs, operating 

conditions and data formats. In this framework, the present report is devoted to the selection of the Generic 

Test Case (GTC) for WP4.3. The objective is to provide a simplified configuration for the first applications 

of advanced methods to demonstrate jet noise prediction accuracy up to St=10. 

 

This report presents the experimental databases which have been selected by the consortium to be used as 

reference for the validation of the simulations in WP4. Recommendations are given for the setup of the 

simulations and the assessment of the results to ensure that all simulations are carried out with the same 

flow conditions and that cross comparisons can be performed.  

 

 

2. Definition of WP4 Generic Test Case selection 

 

In order to validate the advanced simulations performed in WP4, experimental databases must provide 

extensive flow and noise measurements. Even if new experiments are planned in WP1, it was decided to 

rely on existing, available and open (can be distributed outside the consortium) datasets for WP4 so that 

simulation work can start early during the project. 

 

It was found that two reference experiments from CNRS and SOTON meet these criteria. Therefore it was 

agreed within the Consortium that partners performing simulations in WP4.3 can decide to compute one or 

the other, providing that each experiment is simulated by at least 2 partners to allow cross comparisons of 

the CFD methods used.  

 

Besides, measurements with and without installation effects were carried out for both experiments. In order 

to mitigate the risks of tasks 2.3 and 3.5 “Advanced methods may require mesh type/quality not achievable 

for complex geometries”, it is proposed that partners involved in WP4.3 compute first the isolated nozzle 

of the experiment of their choice, and then the corresponding installed configuration as an optional Generic 

Test Case. These optional test cases are meant to bridge the gap between WP4 and WP2.3/3.5 in terms of 

geometric complexity.  

 

2.1. Generic Test Case – CNRS 

 

Partners ONERA, CERFACS and CFDB intend to compute the GTC-CNRS. 

 

2.1.1. Isolated nozzle (mandatory case) 

 

The reference publication for the Generic Test Case – CNRS experiments is [1]. The experiments were 

carried out at the Pprime laboratory (based in Poitiers, France) experiments. The exhaust Mach number is 

equal to M=0.9, the nozzle exit diameter is D=0.05 m, the total pressure ratio is Pi/P∞=1.7 and the total 

temperature ratio is Ti/T∞=1.15. The Reynolds number based on the diameter is equal to ReD=106. All 

experimental data and nozzle geometry are available online [2]. The geometry of the convergent-straight 

nozzle is shown in Figure 1.  
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Figure 1. CNRS nozzle geometry. Data available online 

[2] 

 
Figure 2. Nozzle exit boundary layer for CNRS isolated 

case. Data from [2] 

The nozzle exit boundary layer was tripped to reach a turbulent state at the nozzle exit. The mean and RMS 

streamwise velocity profiles at the nozzle exit (x/D=0.04) are shown in Figure 2. Flow measurements (hot 

wire) are available for radial profiles at x/D=0.04, 1, 5, 10, 15 and axial profiles at r/D=0 (jet centerline) 

and 0.5 (lipline). Noise measurements were performed using arrays of microphones at locations given in 

Table 1. 

 

 
Table 1. Coordinates x–r and corresponding jet inlet angle Φ of the microphones for (a) the near-field cage array, (b) the 

cylindrical array and (c) the polar array. From [1] 

Noise measurements in the jet mid-field (cylindrical array at r/D=14.3) and farfield (polar array are r/D=50) 

are shown in Figure 3. This illustrate the noise levels at St=10, which are low but measurable, therefore this 

case appears relevant to assess “St=10” CFD simulations. The experimental data is presently only available 

only up to St=8, but a revised dataset with measurements up to St=10 will be made available by CNRS. 

 

 
Figure 3. PSD of pressure for the cylindrical array (left) and polar array (right). CNRS-Isolated case, data from [2] 
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2.1.2. Installed nozzle (optional case) 

 

The reference publication for the CNRS-installed case is [3]. The geometry is illustrated in Figure 4. The 

wing is modelled by a flat plate which trailing edge sweep can be varied. In the framework of the GTC 

specification for the DJINN project, the zero-sweep trailing edge flat plate is selected, mostly for synergy 

with WP1.3 activities. The flat plate is located at H/D=0.6 and L/D=4 (H is the normal distance from the 

nozzle lip to the plate surface, L is the streamwise distance between the nozzle exit and the plate trailing 

edge). 

 

The flow conditions and measurements location are the same as the isolated case presented in section 2.1.1 

and are summarized at the end of this report in Table 6. 

 

 
Figure 4. CNRS-installed case. From [3] 

 

 

2.2. Generic Test Case – SOTON 

 

Partners QMUL and ICL intend to compute the GTC-SOTON. 

 

2.2.1. Isolated nozzle (mandatory case) 

 

The isolated case from SOTON is a jet issuing from a conical nozzle of diameter D = 40 mm. The nozzle 

operates at an acoustic Mach number of 𝑀𝑎 = 0.6 and a Reynolds number (based on density and viscosity 

in the far-field) of 𝑅𝑒𝐷 = 5.5 ⋅ 105. The geometry of the nozzle is illustrated in Figure 5. The geometry of 

the nozzle is available as a CAD file (.stp format). Since the nozzle geometry is axisymmetric, the x-r 

coordinates are also available in an Excel file (.xlsx format). It should be noted that the geometry might 

have to be rotated to align with the x-axis. The reference article for the isolated nozzle is [4]. The radial 

dependence of the mean and RMS of the axial velocity at 𝑥/𝐷 = 0.005 is shown in Figure 6. 
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Figure 5: SOTON Nozzle Geometry. 

 
Figure 6: SOTON Boundary Layer Profile 

Flow measurements were carried out using hot wire probes. The radial dependence of axial velocity was 

measured at 7 axial locations, see Table 2 for details. In addition to this, the axial velocity was measured 

along the centreline and the lipline, see Table 2 for details. The near-field pressure was measured using an 

array with 8 microphones distributed uniformly along the circumference. By adjusting the radial location 

of these microphones, and then move the array axially, a large number of nearfield measurements were 

conducted. The axial/radial locations that will be provided are specified in Table 3. Finally, the far-field 

pressure was measured along a linear array containing 10 microphones. The axial/radial locations of these 

far-field microphones are listed in Table 4. 

 

Table 2: Location of hot-wire probes for SOTON isolated case. 

Hot-wire probes, jet plume Hot-wire probes, centreline Hot-wire, lipline 

𝒙/𝑫 = 𝒓/𝑫 ∈ 𝒙/𝑫 ∈ 𝒓/𝑫 = 𝒙/𝑫 ∈ 𝒓/𝑫 = 

0.005 (0, 0.50) (0, 15) 0 (0, 15) 0.5 

1 (0, 0.75)     

2 (0, 0.90)     

4 (0, 1.10)     

6 (0, 1.40)     

8 (0, 1.60)     

10 (0, 2.00)     
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Table 3: Location of near field microphones for SOTON isolated case. 

Near field microphones, set 1 Near field microphones, set 2 

𝒙/𝑫 = 𝒓/𝑫 = 𝒙/𝑫 = 𝒓/𝑫 = 

0.5 1.1 0.5 1.55 

1 1.1 1 1.55 

1.5 1.1 1.5 1.55 

2 1.1 2 1.55 

3 1.1 3 1.55 

- - 4 1.55 

 

Table 4: Far field microphone locations for SOTON isolated case. 

Far field microphone locations (starting at the microphone furthest downstream) 

𝒙/𝑫 = 𝒓/𝑫 = 𝜽 = Distance from origin 

58.80 54.25 42.7 80.00 

44.63 54.25 50.6 70.25 

29.50 54.25 61.5 61.75 

18.29 54.25 71.4 57.25 

7.38 54.25 82.3 54.75 

0 54.25 90.0 54.25 

-9.05 54.25 99.5 55.00 

-19.06 54.25 109.4 57.50 

-30.53 54.25 119.4 62.25 

-44.24 54.25 129.2 70.00 

 

 

The Power Spectral Density (in dB/St, normalized to 1m distance) obtained at the 𝜃 = 90 microphone for 

the SOTON isolated case is presented in Figure 7Fehler! Verweisquelle konnte nicht gefunden werden.. 

As can be seen from this figure, the SOTON nozzle produces significant amount of noise up to St=10. This 

confirms that this case is relevant to assess the HiFi CFD simulations in WP4. 
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Figure 7. Power Spectral Density at the 𝜽 = 𝟗𝟎° microphone for the SOTON-isolated case 

 

The operating conditions for the SOTON isolated case are summarized in Table 5. In this table, the 

quantities that were measured in the experiments are marked with an asterix (*). The remaining values were 

computed from the measured quantities using the isentropic flow relations and the thermodynamic 

properties of air. In particular, the aerodynamic Mach number (𝑀𝑗) was computed from the nozzle pressure 

ratio (𝑃0,𝑛𝑜𝑧𝑧𝑙𝑒/𝑃∞). The static temperature of the jet (𝑇𝑗) was calculated from the aerodynamic Mach 

number and the stagnation temperature inside the nozzle (𝑇0,𝑛𝑜𝑧𝑧𝑙𝑒 ). The temperature in the jet and the far 

field (𝑇𝑗 and 𝑇∞) were used to calculate the speed of sound in the nozzle and far-field, respectively. These 

quantities were then combined with the aerodynamic Mach number to calculate the acoustic Mach number 

(𝑀𝑎). 

 

If a large part of the nozzle geometry is included in the simulation, and appropriate resolution of the 

boundary layer near the walls is employed, it should be enough to specify the stagnation pressure and 

stagnation temperature listed in Table 5 at the inlet to the nozzle. This is because the turbulent boundary 

layer along the wall then has enough time to develop before the nozzle exit. However, in practical 

calculations, it may be desirable to use a fictitious inlet just upstream of the nozzle exit, thereby truncating 

the simulation domain. In this case, the user should ensure that the stagnation flow properties of the solution 

inside the nozzle are the same as those provided in Table 5. In addition to this, it is most likely necessary 

to add synthetic turbulence to the inflow boundary, or at the wall, to ensure that the mean and RMS of the 

axial velocity agree with the experimental data at 𝑥/𝐷 = 0.005, see Figure 6Fehler! Verweisquelle 

konnte nicht gefunden werden.. In all cases, the aerodynamic and acoustic Mach numbers provided in 

Table 5 are useful quantities to monitor the simulation. However, it must be kept in mind that the values 

provided in Table 5 assume that the flow inside the nozzle is lossless, as explained above. In all cases, 

appropriate far-field boundary conditions must be imposed on all open boundaries of the jet flow domain 

to ensure the lack of numerical boundary reflections. The time-averaged values of the solution on all open 

boundaries should remain consistent with the far-field values provided in Table 5, without any notable drift 

from the specified operating conditions. If necessary, a small co-flow may be imposed on the far-field 

boundaries. In the experiment, there is no co-flow for the isolated case. 
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Table 5: Operating conditions for SOTON isolated case. 

Property Value 

𝑃0,𝑛𝑜𝑧𝑧𝑙𝑒 (*) 131155 Pa 

𝑇0,𝑛𝑜𝑧𝑧𝑙𝑒 (*) 21.6 ℃ 

𝑃∞ (*) 101253 Pa 

𝑇∞ (*) 20.1 ℃ 

𝑀𝑎 =
𝑈𝑗

𝑐∞
 

0.598 

𝑅𝑒𝐷 =
𝜌∞ 𝑈𝑗 𝐷𝑗

𝜇∞
 

5.55 ⋅ 105 

𝑀𝑗 =
𝑈𝑗

𝑐𝑗
 

0.619 

𝑁𝑇𝑅 =  
𝑇𝑗

𝑇∞
 

0.9335 

 

 

2.2.2. Installed nozzle (optional case) 

 

The installed case involves the same conical nozzle as the isolated case and a NACA4415 wing located at 

𝐻/𝐷 = 0.6 and 𝐿/𝐷 = 3 (𝐻 is the vertical distance from the nozzle lip to the wing trailing edge, 𝐿 is the 

streamwise distance between the nozzle exit and the wing trailing edge). Like the isolated case, the 

geometry for the installed case is made available in a CAD file (.stp format) and an Excel file (.xlsx format). 

The geometry for the installed case is shown in Figure 8. 

 

 
Figure 8: SOTON Installed Nozzle. 
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The operating condition for the installed nozzle is the same as for the isolated case. The same boundary 

condition that was used at the inlet to the nozzle in the isolated case may therefore be used for the installed 

case. The installed nozzle has been tested with and without a flight stream (𝑀𝑓 = 0.0 and 𝑀𝑓 = 0.1). The 

flight stream is generated by the larger nozzle shown to the left in Figure 8. Since this nozzle has a finite 

diameter, only a finite span of the NACA profile will generate lift when the flight stream is activated. It is 

not known how important it is to capture this effect. Therefore, it is not known whether it is necessary to 

include the flight-stream-nozzle in the simulations, as opposed to using a uniform flight stream on all free 

stream boundaries. To avoid this uncertainty, the case without a flight stream is the recommended installed 

case within the DJINN project, but data for both flight streams will be made available. 

 

Similar near field measurements were made for the installed case. However, the exact measurement 

locations vary slightly compared to the isolated case. In addition to this, no near-field microphone 

measurements were made. Finally, the boundary layer profile shown in Figure 6 was not measured for the 

installed case. Since both nozzles have the same operating condition, the results obtained for the isolated 

case may be used instead. The locations for all near-field measurements are available in a separate Excel 

sheet. The far-field acoustic measurements were done at the same locations as for the isolated nozzle, see 

Table 4 for details.  

 

3. Procedure suggested for simulations setup 

 

In order to perform consistent and relevant comparisons with experiments and between simulations, it is 

expected that the simulations match the flow conditions of the experiments in terms of Reynolds number, 

total pressure and temperature ratios. Besides, the exit boundary layer profiles will have to be matched as 

best as can be, for the mean and RMS values.  

 

4. Preliminary recommendations for results assessment 

 

The results assessment will be performed first by each partner and documented in specific deliverables as 

defined in the Project proposal. In order to facilitate cross comparisons in a second step, it is expected that 

each partner: 

• At least extract simulation data at the experimental locations documented in the previous sections; 

• Take much care in the post-processing of the noise data, which must follow the procedure used for 

the corresponding experiment. Such procedure is detailed in [1] for the CNRS-isolated case, 

SOTON will provide the needed information.  

 

As agreed on the Project proposal, CERFACS will perform the comparison of results emanating from Task. 

4.3. CERFACS will provide a separate specification document with the required data format expected from 

other partners. 

 

 

5. Summary of the Generic Test Case flow conditions 

 

Two variants of the Generic Test Case (GTC) have been defined: GTC-CNRS and GTC-SOTON. It is up 

to each partner to decide which GTC to compute. Each GTC variant is composed of an isolated nozzle case 

and an installed case. It is suggested that the isolated case is computed first, the installed case can be 

simulated in a second step in order to mitigate risks of tasks 2.3 and 3.5 regarding the handling of geometric 

complexity by HiFi methods. Table 6 summarizes the flow conditions of the experiments of GTC-CNRS 

and GTC-SOTON.  

 
 GTC-CNRS GTC-SOTON 
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Facility Bruit & Vent Doak Laboratory 

Case Isolated Installed Isolated Installed 

Geometry 

Nozzle type Round single stream, convergent-straight 
Round single stream, 

conical (half-angle=2.44°) 

Nozzle exit diameter D (m) 0.05 0.04 

Wing/plate geometry n/a 

Rectangular flat 

plate 

H/D=0.6, L/D=4 

n/a 
NACA4415 

H/D=0.6; L/D=3 

Flow conditions 

Nozzle exit acoustic Mach 

number Mj 
0.9 0.9 0.6 0.6 

Nozzle Temperature Ratio Tj/Ts=1 Tj/Ts=1  Tj/Ts=0.9335 Tj/Ts=0.9335 

Jet Reynolds number based 

on diameter ReD 
10

6
 10

6
 

𝜌∞𝑈𝑗 𝐷𝑗

𝜇∞
= 5.55 10

5
 

𝜌∞𝑈𝑗 𝐷𝑗

𝜇∞
= 5.55 10

5
 

Nozzle exit boundary layer 

thickness δ99 (m) 
0.004 

 Not measured but 

O(0.004) 0.00188 
Not measured but 

O(0.00188) 

Nozzle exit boundary layer 

momentum thickness θ (m) 
0.0004 

 Not measured but 

O(0.0004) 
0.00014 Not measured but 

O(0.00014) 

Flight stream No No No M=0, M=0.1 

Measurements location 

Flow in the jet plume PIV in (x-r) planes 

No flow 

measurements at 

M=0.9 

2-point 2-cmpt hot-

wire, 0≤x/D≤15 

1-point 1-cmpt hot-

wire, 0≤x/D≤10 

Nozzle exit boundary layer 

profiles 
available 

not measured (by 

default, use isolated 

profile at same 

Mach as target)  

available 

not measured (by 

default, use isolated 

profile at same 

Mach as target)  

Nacelle external boundary 

layer (if flight stream) 
n/a n/a  n/a not measured 

Noise: near field pressure 

0.12<x/D<7.65; 

0.7<r/D<1.8 (cage 

array) 

 No See Table 3 not measured 

Noise: far-field pressure r=14.3D & r=50D r=14.3D & r=50D See Table 4 See Table 4 

Table 6. Summary of the Generic Test Cases selected 
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