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layer 
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Jet-flap interaction physics are characterized by

multi-body, multi-flow, multi-source acoustics
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Jet near field – simple geometry, complex parameter set
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Antonio Segalini: “Experimental analysis of coaxial jets: instability, flow and 
mixing characterization”, p.21-22, doctoral thesis, Università di Bologna, 2010

+ protrusion bypass/core

+ conical flow angle

+ Temperatures

+ …



Approximation the near-field with thin mixed layer

theory
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Image: “A Review of Effects of Initial and Boundary 

Conditions on Turbulent Jets” Abdel-Rahman 2010
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Half-jet opening angle = 7.5° (mean)

Jet data deflected by ~0.5° (cause: alignment margin

for exp. equipment or: real deflection)

-0.8

x0,NF = -0.8*Dj

Velocity rU=Uf/Uj = 0

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases



Half jet velocity or „Lipline“ velocity?
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"Lipline is important

- it describes the

acoustic sources

more than anything

else."
Ulf Michel, 01.12.2021

U. Michel, M. Schwalbach, F. Thiele, H. Xia , Ch. Ellis (CFD-Berlin, Germany, Loughborough University, UK)

Evaluation of a low dissipation and low dispersion finite volume scheme for turbulent jet noise prediction



Half jet velocity or „Lipline“ velocity?
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Lipline

Potential core

present
Nothing to worry:

Small area

Large velocity gradient

US/L = 0.64 Uj
Cold jet, static ops

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases

Lipline velocity is the one

consistent feature of the

jet S/L near field



• The lipline velocity of a single stream 

nozzle is approx. constant in the near-

field of the jet

Why not to worry:
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James Bridges and Mark P. Wernet: Establishing Consensus 
Turbulence Statistics for Hot Subsonic Jets
Figure 19 Setpoint 7: Axial mean on the lipline.

Cold jet

Mac = 0.9

Mj = 0.98



• 4 color / 3 line plot which shows the essiential field information:

Discretized velocity plot in order to identify jet

properties with velocity criteria
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0.99
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S/L
Jet diameter

Flight phase

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases



A model for the estimation of jet near field S/L 

properties
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K =
𝜋

𝜎0
=
tan 𝜙0

′

cr(0)
=
tan 7.5°

0.64
= 0.206

cr - ratio of outer part of S/L

to S/L width δω

cU – critical S/L „lipline“ velocity/

sum of jet+flight speed

δω

(L-x0)
(1-rU)
(1+rU)

=   K

Classical thin mixing layer theory + Calibration for round jet

cr δω

(1-cr) δω

Rmix

δω

Distribution around jet radius

𝜙′



Here you can find the c-functions:
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cr

cU

use 0.63 or 0.64 for Jack‘s data

C. Jente / J. Delfs: “Velocity Scaling of Shear Layer Noise induced by cold Jet flow with co-flowing Flight 
stream”, AIAA 2019-2496, doi10.2514/6.2019-2496
+ Click on crossmark link (!)



• Half jet opening angle

Determination of the half-jet opening angle (for various

operations)
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cr δω

Rmix

𝜙′ L-x0

tan 𝜙′𝑗𝑒𝑡 =
𝐻𝑗𝑒𝑡 − 𝑅𝑚𝑖𝑥

𝐿 − 𝑥0
= 𝑐𝑟

𝛿𝜔
𝐿 − 𝑥0

𝐾
1 − 𝑟𝑈
1 + 𝑟𝑈

Hjet

Virtual S/L origin



Streamwise Mach number scan of an isolated jet (M=0.6) 

originating from the DLR-DJ50 engine 
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Model is good until x/D~5 (!)
Potential core length will be overestimated
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H-Rmix

L-x0 

24-20

120-(-0.8*40)
tan(Φ‘)= = =

4

152
Φ‘=1.5°

Static jet: Φ‘=7.5°

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases
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H-Rmix

L-x0 

24-20

120-(-0.8*40)
tan(Φ‘)= = =

4

152
Φ‘=1.5°

Static jet: Φ‘=7.5°

Don‘t know virtual S/L origin of near field?

H-Rmix

L-x0 

24-20

120
tan(Φ‘)= = =

4

120
Φ‘=1.9° (good initial guess)

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases



• Half jet opening angle

Determination of the half-jet opening angle 

(for the flight stream problem)
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cr δω

Rmix

𝜙′ L-x0

Hjet

tan 𝜙′𝑗𝑒𝑡 = 𝑐𝑟𝐾
1 − 𝑟𝑈
1 + 𝑟𝑈

𝑟𝑈 =
𝑈𝑓

𝑈𝑗
~
0.1

0.6
= 0.1667

𝑐𝑟(𝑟𝑈 = 0.1667) = 0.6

Outer part = 60% δω

Inner part = 40% δω

K =
tan 7.5°

0.64
= 0.206

(as before)

𝜙′
𝑗𝑒𝑡

𝑟𝑈 = 5.0°

AIAA 2019-2496
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Theoretical min. requirement

for undisturbed flight jet:

Flight jet: Φ‘=5°Uf

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases



Jet-flap interaction physics are characterized by

multi-body, multi-flow, multi-source acoustics
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Check effect of flight speed
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Flight jet: Φ‘=5°

++ Static

Pressure

Uf
-- Static

Pressure

Flight velocity causes circulation around wing

This induces static overpressure on pressure side of wing

➢ Jet not fully expanded „below wing“

➢ Restrict resolution of static pressure in RANS to PAMB ±500Pa 

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases
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Flight jet: 0°<Φ‘<7.5°

++ Static

Pressure

Uf
-- Static

Pressure

➢ Check downwash downstream the wing

J. L.T. Lawrence (University of Southampton, UK)

SOTON Generic Isolated and Installed Jet Test Cases



• Spanwise to jet, just 

downstream flap TE

• Make streamline with Y-

velocity and Z-velocity

• Resolve jet S/L 

• Does the downwash help

the jet to bend?

• Do you find a vortex pair 

which redistributes the

flow?

Analysis of spanwise

flow field

> 1st DJINN Conference > Christian Jente > Steady Aero JFI > 02.12.2021DLR.de  •  Chart 21

Christian Jente, Michael Pott-Pollenske, Dirk Boenke, Alexander Buescher and Iris Goldhahn: „Experimental Investigation of Jet-
Flap-Interaction Noise Sensitivity due to varying flap parameters at a UHBR Engine/High-Lift-Wing installation“
DOI: 10.2514/6.2018-3788

Flap trailing edge



Where is the lipline (better: mixed jet radius) for other

engine types?
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Find S/L properties for different engine

> 1st DJINN Conference > Christian Jente > Steady Aero JFI > 02.12.2021DLR.de  •  Chart 23

26
26

26

26

138 138

138138

D
m

ix

D

U
x
/x = 0

X/D [-]

Z
/D

[-
]

0 2 4 6 8

-1

0

1

U
x

[m/s]: 26 138

U


= 0 m/s
U

jet
= 214 m/s (378)

D
m

ix

D

U
x
/x = 0

X/D [-]

Z
/D

[-
]

0 2 4 6 8

-1

0

1

U
x

[m/s]: 20 40 60 80 100 120 140 160 180 200

U


= 0, U
jet

= 214 m/s (378)

C. Jente / J. Delfs: “Velocity Scaling of Shear Layer Noise induced by cold Jet flow with co-flowing Flight 
stream”, AIAA 2019-2496, doi10.2514/6.2019-2496



Single stream, round jet
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Single stream, Annular flow
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Long cowl engine
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Short cowl engine
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Characterization of mixed jet diameter for different axis-

symmetric flows
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When the streamwise plane is not sufficient
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Struts Pylon Mixer

Disturbed axial symmetryaxial symmetry

Chevrons

➢ Measure spanwise jet planes and try to extract

relevant information from there



Learnings
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We can replace various engine types with near-field

Jet shear layer properties

We can express both isolated jet space requirement and 

wing geometry in the same coordinates

x0 L

H-Rmix

Close engine integration Radical engine integration

We can formulate a meas. hypothesis by identifying a theoretical

interaction scenario:

no interaction | interaction with outer part of S/L | interaction with jet

Questions?
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