
0 0.02 0.04 0.06 0.08 0.1 0.12
0

0.5

1

1.5

2

2.5

3

0.19

0.25

0.29

0.35

0.39

0.43

0 10 20 30 40
0

0.005

0.01

0.015

TP1

TP3

TP4

TP5

0 5 10 15 20 25
-40

-20

0

20

40

60

80

TP1

TP5

U∞

Roughness 
Insert

Roughness causes significant variations in 
stationary crossflow amplitudes and wavelengths

RANDOM MICRON SURFACE ROUGHNESS 
EFFECTS ON SWEPT WING BOUNDARY LAYER TRANSITION

Conclusion:
Surface roughness characterization 

of only root-mean-square and 
wavelength spectra is not sufficient 
to predict receptivity of stationary 

crossflow modes. 
U∞
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Inviscid 
streamlineRoughness 

Insert

Panel RMS (μm) Peak-to-peak 
(μm)

Correlation 
length (μm)

Baseline 0.42 1.79 822
TP1 8.64 39.36 172
TP3 13.93 66.21 92
TP4 16.92 65.85 317
TP5 8.78 29.09 876

Sample roughness traces:

Average transition locations x/c (measurement region/PIV only)

0.5/0.5 0.498/0.474 0.48/0.471

<latexit sha1_base64="Qs6n4RwB+CFBK1oj4Hdm9LR2mqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzeMrQ==</latexit>

0
<latexit sha1_base64="/RsVD0OZd2+SlFjrRmBN5KFNUog=">AAAB63icbVDLSgMxFL1TX7W+qi7dBIvgqsyUUl0W3LisYB/QDiWTZtrQJDMkGaEM/QU3LhRx6w+582/MTGehrQdCDufcy733BDFn2rjut1Pa2t7Z3SvvVw4Oj45PqqdnPR0litAuiXikBgHWlDNJu4YZTgexolgEnPaD+V3m95+o0iySj2YRU1/gqWQhI9hkklt3W+NqzX450CbxClKDAp1x9Ws0iUgiqDSEY62HnhsbP8XKMMLpsjJKNI0xmeMpHVoqsaDaT/Ndl+jKKhMURso+aVCu/u5IsdB6IQJbKbCZ6XUvE//zhokJb/2UyTgxVJLVoDDhyEQoOxxNmKLE8IUlmChmd0VkhhUmxsZTsSF46ydvkl6j7rXqzYdmrd0o4ijDBVzCNXhwA224hw50gcAMnuEV3hzhvDjvzseqtOQUPefwB87nD8dkjV8=</latexit>

0.06
<latexit sha1_base64="FkZhl/+QUQZTPV1YCbEHZPdwr8k=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgh5JvHjExAUS2JBumYWGbnfTdk0I4Td48aAxXv1B3vw3FtiDgi9p+vLeTGbmhang2rjut7OxubW9s1vYK+4fHB4dl05OWzrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7Hd3O//YRK80Q+mkmKQUyHkkecUWMl/9qtuPV+qWy/Bcg68XJShhzNfumrN0hYFqM0TFCtu56bmmBKleFM4KzYyzSmlI3pELuWShqjDqaLZWfk0ioDEiXKPmnIQv3dMaWx1pM4tJUxNSO96s3F/7xuZqLbYMplmhmUbDkoygQxCZlfTgZcITNiYgllittdCRtRRZmx+RRtCN7qyeukVa149UrtoVZuVPM4CnAOF3AFHtxAA+6hCT4w4PAMr/DmSOfFeXc+lqUbTt5zBn/gfP4AMUWNlg==</latexit>

�0.06

<latexit sha1_base64="BzrxRLYCSSr0Hg0f5qbdlXHpxrM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0IBS8eK9gPaJeSTbNtaJJdkqxYlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueRKs0i+WCmMfUFHkkWMoJNJj1dkJtBueJW3TnQKvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwums1E80jTGZ4BHtWSqxoNpP57fO0JlVhiiMlC1p0Fz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJItFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7VrVu6zW7+uVRi2PowgncArn4MEVNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/jwyN4g==</latexit>

x/c =
<latexit sha1_base64="IMlC8KZ99UMYCoDbl3gymsdKpF0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hK0R4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXMbzVG15rneEmiT+AWpQYH2qPo1HMckFVQawrHWA99LTJBhZRjhdFEZppommMzwhA4slVhQHWTLWxfoyipjFMXKljRoqf6eyLDQei5C2ymwmep1Lxf/8wapiZpBxmSSGirJalGUcmRilD+OxkxRYvjcEkwUs7ciMsUKE2PjqdgQ/PWXN0m37vo3buOhUWvVizjKcAGXcA0+3EIL7qENHSAwhWd4hTdHOC/Ou/Oxai05xcw5/IHz+QPQgI1l</latexit>

0.48

<latexit sha1_base64="ow7kEDw4KV6i/yA7e68tU7EEurY=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Ckkt1WPBi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9OxubW9s7u6W98v7B4dFx5eS0o+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBJtc8tzrxrBS9VxvAbRO/IJUoUBrWPkajGKSCioN4Vjrvu8lJsiwMoxwOi8PUk0TTKZ4TPuWSiyoDrLFrXN0aZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URLdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjKdsQ/NWX10mn5voNt/5QrzZrRRwlOIcLuAIfbqAJ99CCNhCYwDO8wpsjnBfn3flYtm44xcwZ/IHz+QPL841i</latexit>

0.36

<latexit sha1_base64="st3Yez8xYpqBh327sBnSdn8YEGg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hKqR4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXPrjVG15rneEmiT+AWpQYH2qPo1HMckFVQawrHWA99LTJBhZRjhdFEZppommMzwhA4slVhQHWTLWxfoyipjFMXKljRoqf6eyLDQei5C2ymwmep1Lxf/8wapiW6DjMkkNVSS1aIo5cjEKH8cjZmixPC5JZgoZm9FZIoVJsbGU7Eh+Osvb5Ju3fWbbuOhUWvVizjKcAGXcA0+3EAL7qENHSAwhWd4hTdHOC/Ou/Oxai05xcw5/IHz+QPHZo1f</latexit>

0.24

<latexit sha1_base64="5CE5Dd4TPIhao4i6NmRC7WewTcE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hK0R4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXP95qha81xvCbRJ/ILUoEB7VP0ajmOSCioN4Vjrge8lJsiwMoxwuqgMU00TTGZ4QgeWSiyoDrLlrQt0ZZUximJlSxq0VH9PZFhoPReh7RTYTPW6l4v/eYPURM0gYzJJDZVktShKOTIxyh9HY6YoMXxuCSaK2VsRmWKFibHxVGwI/vrLm6Rbd/0bt/HQqLXqRRxluIBLuAYfbqEF99CGDhCYwjO8wpsjnBfn3flYtZacYuYc/sD5/AHL8Y1i</latexit>

0.18

TP1
RMS=8.64 μm

TP2
RMS=4.78 μmBaseline

<latexit sha1_base64="Qs6n4RwB+CFBK1oj4Hdm9LR2mqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzeMrQ==</latexit>

0
<latexit sha1_base64="/RsVD0OZd2+SlFjrRmBN5KFNUog=">AAAB63icbVDLSgMxFL1TX7W+qi7dBIvgqsyUUl0W3LisYB/QDiWTZtrQJDMkGaEM/QU3LhRx6w+582/MTGehrQdCDufcy733BDFn2rjut1Pa2t7Z3SvvVw4Oj45PqqdnPR0litAuiXikBgHWlDNJu4YZTgexolgEnPaD+V3m95+o0iySj2YRU1/gqWQhI9hkklt3W+NqzX450CbxClKDAp1x9Ws0iUgiqDSEY62HnhsbP8XKMMLpsjJKNI0xmeMpHVoqsaDaT/Ndl+jKKhMURso+aVCu/u5IsdB6IQJbKbCZ6XUvE//zhokJb/2UyTgxVJLVoDDhyEQoOxxNmKLE8IUlmChmd0VkhhUmxsZTsSF46ydvkl6j7rXqzYdmrd0o4ijDBVzCNXhwA224hw50gcAMnuEV3hzhvDjvzseqtOQUPefwB87nD8dkjV8=</latexit>

0.06
<latexit sha1_base64="FkZhl/+QUQZTPV1YCbEHZPdwr8k=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgh5JvHjExAUS2JBumYWGbnfTdk0I4Td48aAxXv1B3vw3FtiDgi9p+vLeTGbmhang2rjut7OxubW9s1vYK+4fHB4dl05OWzrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7Hd3O//YRK80Q+mkmKQUyHkkecUWMl/9qtuPV+qWy/Bcg68XJShhzNfumrN0hYFqM0TFCtu56bmmBKleFM4KzYyzSmlI3pELuWShqjDqaLZWfk0ioDEiXKPmnIQv3dMaWx1pM4tJUxNSO96s3F/7xuZqLbYMplmhmUbDkoygQxCZlfTgZcITNiYgllittdCRtRRZmx+RRtCN7qyeukVa149UrtoVZuVPM4CnAOF3AFHtxAA+6hCT4w4PAMr/DmSOfFeXc+lqUbTt5zBn/gfP4AMUWNlg==</latexit>

�0.06 <latexit sha1_base64="Qs6n4RwB+CFBK1oj4Hdm9LR2mqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzeMrQ==</latexit>

0
<latexit sha1_base64="/RsVD0OZd2+SlFjrRmBN5KFNUog=">AAAB63icbVDLSgMxFL1TX7W+qi7dBIvgqsyUUl0W3LisYB/QDiWTZtrQJDMkGaEM/QU3LhRx6w+582/MTGehrQdCDufcy733BDFn2rjut1Pa2t7Z3SvvVw4Oj45PqqdnPR0litAuiXikBgHWlDNJu4YZTgexolgEnPaD+V3m95+o0iySj2YRU1/gqWQhI9hkklt3W+NqzX450CbxClKDAp1x9Ws0iUgiqDSEY62HnhsbP8XKMMLpsjJKNI0xmeMpHVoqsaDaT/Ndl+jKKhMURso+aVCu/u5IsdB6IQJbKbCZ6XUvE//zhokJb/2UyTgxVJLVoDDhyEQoOxxNmKLE8IUlmChmd0VkhhUmxsZTsSF46ydvkl6j7rXqzYdmrd0o4ijDBVzCNXhwA224hw50gcAMnuEV3hzhvDjvzseqtOQUPefwB87nD8dkjV8=</latexit>

0.06
<latexit sha1_base64="FkZhl/+QUQZTPV1YCbEHZPdwr8k=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgh5JvHjExAUS2JBumYWGbnfTdk0I4Td48aAxXv1B3vw3FtiDgi9p+vLeTGbmhang2rjut7OxubW9s1vYK+4fHB4dl05OWzrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7Hd3O//YRK80Q+mkmKQUyHkkecUWMl/9qtuPV+qWy/Bcg68XJShhzNfumrN0hYFqM0TFCtu56bmmBKleFM4KzYyzSmlI3pELuWShqjDqaLZWfk0ioDEiXKPmnIQv3dMaWx1pM4tJUxNSO96s3F/7xuZqLbYMplmhmUbDkoygQxCZlfTgZcITNiYgllittdCRtRRZmx+RRtCN7qyeukVa149UrtoVZuVPM4CnAOF3AFHtxAA+6hCT4w4PAMr/DmSOfFeXc+lqUbTt5zBn/gfP4AMUWNlg==</latexit>

�0.06
<latexit sha1_base64="v/RDwPl/VkuvSiy7d30nZaiu7QI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEqEcSLx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/umC9Yolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlqt31VKtksWRhxM4hXPw4ApqcAt1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx8Pso2d</latexit>

z/c
<latexit sha1_base64="v/RDwPl/VkuvSiy7d30nZaiu7QI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEqEcSLx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/umC9Yolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlqt31VKtksWRhxM4hXPw4ApqcAt1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx8Pso2d</latexit>

z/c
<latexit sha1_base64="v/RDwPl/VkuvSiy7d30nZaiu7QI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEqEcSLx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/umC9Yolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlqt31VKtksWRhxM4hXPw4ApqcAt1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx8Pso2d</latexit>

z/c

TP3
RMS=13.93 μm 

<latexit sha1_base64="Qs6n4RwB+CFBK1oj4Hdm9LR2mqk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxXvulJr1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdzeMrQ==</latexit>

0
<latexit sha1_base64="/RsVD0OZd2+SlFjrRmBN5KFNUog=">AAAB63icbVDLSgMxFL1TX7W+qi7dBIvgqsyUUl0W3LisYB/QDiWTZtrQJDMkGaEM/QU3LhRx6w+582/MTGehrQdCDufcy733BDFn2rjut1Pa2t7Z3SvvVw4Oj45PqqdnPR0litAuiXikBgHWlDNJu4YZTgexolgEnPaD+V3m95+o0iySj2YRU1/gqWQhI9hkklt3W+NqzX450CbxClKDAp1x9Ws0iUgiqDSEY62HnhsbP8XKMMLpsjJKNI0xmeMpHVoqsaDaT/Ndl+jKKhMURso+aVCu/u5IsdB6IQJbKbCZ6XUvE//zhokJb/2UyTgxVJLVoDDhyEQoOxxNmKLE8IUlmChmd0VkhhUmxsZTsSF46ydvkl6j7rXqzYdmrd0o4ijDBVzCNXhwA224hw50gcAMnuEV3hzhvDjvzseqtOQUPefwB87nD8dkjV8=</latexit>

0.06
<latexit sha1_base64="FkZhl/+QUQZTPV1YCbEHZPdwr8k=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZh4kewSgh5JvHjExAUS2JBumYWGbnfTdk0I4Td48aAxXv1B3vw3FtiDgi9p+vLeTGbmhang2rjut7OxubW9s1vYK+4fHB4dl05OWzrJFEOfJSJRnZBqFFyib7gR2EkV0jgU2A7Hd3O//YRK80Q+mkmKQUyHkkecUWMl/9qtuPV+qWy/Bcg68XJShhzNfumrN0hYFqM0TFCtu56bmmBKleFM4KzYyzSmlI3pELuWShqjDqaLZWfk0ioDEiXKPmnIQv3dMaWx1pM4tJUxNSO96s3F/7xuZqLbYMplmhmUbDkoygQxCZlfTgZcITNiYgllittdCRtRRZmx+RRtCN7qyeukVa149UrtoVZuVPM4CnAOF3AFHtxAA+6hCT4w4PAMr/DmSOfFeXc+lqUbTt5zBn/gfP4AMUWNlg==</latexit>

�0.06
<latexit sha1_base64="v/RDwPl/VkuvSiy7d30nZaiu7QI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEqEcSLx4xyiOBDZkdemHC7OxmZtYECZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/umC9Yolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5Jmpexdlqt31VKtksWRhxM4hXPw4ApqcAt1aACDATzDK7w5wnlx3p2PRWvOyWaO4Q+czx8Pso2d</latexit>
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RESULTSINTRODUCTION

EXPERIMENT SETUP

ROUGHNESS CHARACTERIZATION

SUMMARY

Wavenumber Spectra Pre-multiplied Spectra

Transition locations only mildly affected by addition 
of roughness

• Transition front visualized using naphthalene sublimation. 
• Average transition locations averaged across full 

measurement region (z/c=-0.06 to 0.06) and over PIV 
measurement region (indicated by green squares).

• SCF amplitudes integrated from λ=5-20 mm.
• Wavelength content varied significantly for each panel.

• Micron-level surface roughness has a significant impact 
on stationary crossflow (SCF) instability initial amplitude.
• Typically, root-mean-square measurements of roughness 

amplitude are reported, but RMS alone  does not fully 
characterize a roughness topology.
• Better transition models require improvement in this area.

Roughness Panel Fabrication

Installation and Testing
Estimated initial amplitudes do not indicate simple 

relationship with RMS or wavelength content
• Initial amplitudes of λ=8 mm mode (A0) estimated 

assuming linear growth up to x/c=0.23.

x/c=0.16

FUTURE WORK
• Repeat measurements with same and rotated panels.
• Testing of additional roughness panels.
• More in-depth analysis of roughness parameters and 

relationship to SCF initial amplitudes.

• Particle Image Velocimetry (PIV) measurements were 
performed on a 30° swept flat plate with ceiling liner.
• Test performed in 2’x3’ Tunnel at NASA Langley .

CONCLUSION:
Jenna Eppink

Stationary Crossflow Analysis

Panels with similar RMS levels resulted in very 
different behavior.  Results indicate that better 

roughness quantification methods are needed to 
predict the impact on SCF amplitudes.

• Roughness panels were fabricated using spray-on nano-
particle coatings of different formulations designed  to 
create roughness panels with varying topologies .

• U∞=26 m/s 
• Re/m=1.65M

• No obvious trend is 
observed between 
roughness RMS and A0.
• The RMS is also 

integrated over large 
and small wavelength 
ranges, but still no 
trend is observed.

Roughness Measurements
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