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    Abstract
 [image: ]


 Spanwise velocity statistics from high-Reynolds-number turbulent boundary layers are reported. The dataset combines efforts spanning over a decade at the University of Melbourne to accurately capture Reynolds number ([image: ]$Re$) trends for the spanwise velocity, nominally over one order of magnitude change in [image: ]$Re$, using custom subminiature cross-wire probes that minimise spatial resolution effects and misalignment errors. The spanwise velocity ([image: ]$v$) variance is found to exhibit an [image: ]$Re$ invariant logarithmic slope in the log region, in a similar manner to the streamwise velocity ([image: ]$u$), which is consistent with the existence of self-similar features within wall-bounded flows. However, unlike the [image: ]$u$-variance, it appears that the logarithmic [image: ]$v$-variance trend continues to extend towards the wall. The increase in the [image: ]$v$-variance with [image: ]$Re$ in the log region is found to be due to ‘intermediate-scale eddies’, which follow distance-from-the-wall scaling. This results in the [image: ]$v$-spectrogram exhibiting a dominant energetic ridge across the intermediate-scales, a trend that is not clearly observed in the [image: ]$u$-spectrogram. Other features of the [image: ]$v$-spectrogram are found to be similar to the [image: ]$u$-spectrogram, such as showing small-scale near-wall features that scale universally with viscous units, and the influence of large-scale [image: ]$v$ signals residing in the log region that extend to the wall, resulting in a large-scale [image: ]$v$ footprint in the near-wall region. The observed behaviour of the [image: ]$v$-spectrogram with changing [image: ]$Re$ is used to construct a model for the [image: ]$v$-variance based on contributions from small-, intermediate- and large-scales, leading to a predictive tool at asymptotically high [image: ]$Re$.


 

 
     JFM classification
 
Boundary Layers: Boundary layer structure

Turbulent Flows: Turbulent boundary layers


 

 
	
Type

	JFM Papers


 	
Information

	Journal of Fluid Mechanics
  
,
Volume 913
   , 25 April 2021   , A35
 DOI: https://doi.org/10.1017/jfm.2020.1129
 [Opens in a new window]
 [image: Check for updates]
  


   	
Copyright

	
© The Author(s), 2021. Published by Cambridge University Press




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
REFERENCES

 
 

 


 
 

 Abe, H., Kawamura, H. & Choi, H. 2004 Very large-scale structures and their effects on the wall shear-stress fluctuations in a turbulent channel flow up to [image: ]
$Re_\tau = 640$. J. Fluid Engng 126 (5), 835–843.CrossRefGoogle Scholar


 
 

 Adrian, R.J., Meinhart, C.D. & Tomkins, C.D. 2000 Vortex organization in the outer region of the turbulent boundary layer. J. Fluid Mech. 422, 1–54.CrossRefGoogle Scholar


 
 

 Baidya, R. 2016 Multi-component velocity measurements in turbulent boundary layers. PhD thesis, University of Melbourne.Google Scholar


 
 

 Baidya, R., Philip, J., Hutchins, N., Monty, J.P. & Marusic, I. 2019 a Sensitivity of turbulent stresses in boundary layers to cross-wire probe uncertainties in the geometry and calibration procedure. Meas. Sci. Technol. 30, 085301.CrossRefGoogle Scholar


 
 

 Baidya, R., Philip, J., Hutchins, N., Monty, J.P. & Marusic, I. 2019 b Spatial averaging effects on the streamwise and wall-normal velocity measurments in a wall-bounded turbulence using a cross-wire probe. Meas. Sci. Technol. 30, 085303.CrossRefGoogle Scholar


 
 

 Baidya, R., Philip, J., Hutchins, N., Monty, J.P. & Marusic, I. 2017 Distance-from-the-wall scaling of turbulent motions in wall-bounded flows. Phys. Fluids 29 (2), 020712.CrossRefGoogle Scholar


 
 

 Baidya, R., Philip, J., Monty, J.P., Hutchins, N. & Marusic, I. 2014 Comparisons of turbulence stresses from experiments against the attached eddy hypothesis in boundary layers. In Proceedings of the 19th Australasian Fluid Mechanics Conference (ed. H. Chowdhury & F. Alam). RMIT University.Google Scholar


 
 

 Browne, L.W.B., Antonia, R.A. & Shah, D.A. 1988 Selection of wires and wire spacing for [image: ]
$\times$-wires. Exp. Fluids 6 (4), 286–288.CrossRefGoogle Scholar


 
 

 Champagne, F.H., Sleicher, C.A. & Wehrmann, O.H. 1967 Turbulence measurements with inclined hot-wires. Part 1. Heat transfer experiments with inclined hot-wire. J. Fluid Mech. 28 (01), 153–175.CrossRefGoogle Scholar


 
 

 Chauhan, K., Philip, J., de Silva, C.M., Hutchins, N. & Marusic, I. 2014 The turbulent/non-turbulent interface and entrainment in a boundary layer. J. Fluid Mech. 742, 119–151.CrossRefGoogle Scholar


 
 

 Chauhan, K.A., Monkewitz, P.A. & Nagib, H.M. 2009 Criteria for assessing experiments in zero pressure gradient boundary layers. Fluid Dyn. Res. 41 (2), 021404.CrossRefGoogle Scholar


 
 

 Chin, C., Monty, J.P. & Ooi, A. 2014 Reynolds number effects in DNS of pipe flow and comparison with channels and boundary layers. Intl J. Heat Fluid Flow 45, 33–40.CrossRefGoogle Scholar


 
 

 Choi, H., Moin, P. & Kim, J. 1994 Active turbulence control for drag reduction in wall-bounded flows. J. Fluid Mech. 262, 75–110.CrossRefGoogle Scholar


 
 

 Collis, D.C. & Williams, M.J. 1959 Two-dimensional convection from heated wires at low Reynolds numbers. J. Fluid Mech. 6 (3), 357–384.CrossRefGoogle Scholar


 
 

 Davidson, P.A., Nickels, T.B. & Krogstad, P.-Å. 2006 The logarithmic structure function law in wall-layer turbulence. J. Fluid Mech. 550, 51–60.CrossRefGoogle Scholar


 
 

 DeGraaff, D.B. & Eaton, J.K. 2000 Reynolds-number scaling of the flat-plate turbulent boundary layer. J. Fluid Mech. 422, 319–346.CrossRefGoogle Scholar


 
 

 del Álamo, J.C. & Jiménez, J. 2009 Estimation of turbulent convection velocities and corrections to Taylor's approximation. J. Fluid Mech. 640, 5–26.CrossRefGoogle Scholar


 
 

 del Álamo, J.C., Jiménez, J., Zandonade, P. & Moser, R.D. 2004 Scaling of the energy spectra of turbulent channels. J. Fluid Mech. 500, 135–144.CrossRefGoogle Scholar


 
 

 Fernholz, H.H. & Finley, P.J. 1996 The incompressible zero-pressure-gradient turbulent boundary layer: an assessment of the data. Prog. Aerosp. Sci. 32 (4), 245–311.CrossRefGoogle Scholar


 
 

 Gatti, D. & Quadrio, M. 2016 Reynolds-number dependence of turbulent skin-friction drag reduction induced by spanwise forcing. J. Fluid Mech. 802, 553–582.CrossRefGoogle Scholar


 
 

 Hatton, A.P., James, D.D. & Swire, H.W. 1970 Combined forced and natural convection with low-speed air flow over horizontal cylinders. J. Fluid Mech. 42 (1), 17–31.CrossRefGoogle Scholar


 
 

 Hinze, J.O. 1975 Turbulence: an Introduction to its Mechanisms and Theory. McGraw-Hill.Google Scholar


 
 

 Hultmark, M., Vallikivi, M., Bailey, S.C.C. & Smits, A.J. 2012 Turbulent pipe flow at extreme Reynolds numbers. Phys. Rev. Lett. 108 (9), 094501.CrossRefGoogle ScholarPubMed


 
 

 Hurst, E., Yang, Q. & Chung, Y.M. 2014 The effect of Reynolds number on turbulent drag reduction by streamwise travelling waves. J. Fluid Mech. 759, 28–55.CrossRefGoogle Scholar


 
 

 Hutchins, N., Chauhan, K., Marusic, I., Monty, J. & Klewicki, J. 2012 Towards reconciling the large-scale structure of turbulent boundary layers in the atmosphere and laboratory. Boundary-Layer Meteorol. 145 (2), 273–306.CrossRefGoogle Scholar


 
 

 Hutchins, N. & Marusic, I. 2007 a Evidence of very long meandering features in the logarithmic region of turbulent boundary layers. J. Fluid Mech. 579, 1–28.CrossRefGoogle Scholar


 
 

 Hutchins, N. & Marusic, I. 2007 b Large-scale influences in near-wall turbulence. Phil. Trans. R. Soc. Lond. A 365, 647–664.Google ScholarPubMed


 
 

 Hutchins, N., Nickels, T.B., Marusic, I. & Chong, M.S. 2009 Hot-wire spatial resolution issues in wall-bounded turbulence. J. Fluid Mech. 635, 103–136.CrossRefGoogle Scholar


 
 

 Hwang, J. & Sung, H.J. 2018 Wall-attached structures of velocity fluctuations in a turbulent boundary layer. J. Fluid Mech. 856, 958–983.CrossRefGoogle Scholar


 
 

 Jeong, J., Hussain, F., Schoppa, W. & Kim, J. 1997 Coherent structures near the wall in a turbulent channel flow. J. Fluid Mech. 332, 185–214.CrossRefGoogle Scholar


 
 

 Jiménez, J. & Moin, P. 1991 The minimal flow unit in near-wall turbulence. J. Fluid Mech. 225, 213–240.CrossRefGoogle Scholar


 
 

 Karniadakis, G.E. & Choi, K.S. 2003 Mechanisms on transverse motions in turbulent wall flows. Annu. Rev. Fluid Mech. 35 (1), 45–62.CrossRefGoogle Scholar


 
 

 Kim, H.T., Kline, S.J. & Reynolds, W.C. 1971 The production of turbulence near a smooth wall in a turbulent boundary layer. J. Fluid Mech. 50 (1), 133–160.CrossRefGoogle Scholar


 
 

 Klewicki, J.C., Saric, W.S., Marusic, I. & Eaton, J.K. 2007 Wall-bounded flows. In Springer Handbook of Experimental Fluid Mechanics (ed. C. Tropea, A.L. Yarin & J.F. Foss), vol. 1, chap. 5.2, pp. 229–286. Springer.Google Scholar


 
 

 Kwon, Y.S., Hutchins, N. & Monty, J.P. 2016 On the use of the Reynolds decomposition in the intermittent region of turbulent boundary layers. J. Fluid Mech. 794, 5–16.CrossRefGoogle Scholar


 
 

 Laufer, J. 1954 The structure of turbulence in fully developed pipe flow. Tech. Rep. NACA-TR-1174. National Advisory Committee for Aeronautics.Google Scholar


 
 

 Lee, M. & Moser, R.D. 2015 Direct numerical simulation of turbulent channel flow up to [image: ]
$Re_\tau \approx 5200$. J. Fluid Mech. 774, 395–415.CrossRefGoogle Scholar


 
 

 Marusic, I., Chauhan, K.A., Kulandaivelu, V. & Hutchins, N. 2015 Evolution of zero-pressure-gradient boundary layers from different tripping conditions. J. Fluid Mech. 783, 379–411.CrossRefGoogle Scholar


 
 

 Marusic, I. & Monty, J.P. 2019 Attached eddy model of wall turbulence. Annu. Rev. Fluid Mech. 51, 49–74.CrossRefGoogle Scholar


 
 

 Marusic, I., Monty, J.P., Hultmark, M. & Smits, A.J. 2013 On the logarithmic region in wall turbulence. J. Fluid Mech. 716, 716.CrossRefGoogle Scholar


 
 

 Marusic, I., Uddin, A.K.M. & Perry, A.E. 1997 Similarity law for the streamwise turbulence intensity in zero-pressure-gradient turbulent boundary layers. Phys. Fluids 9 (12), 3718–3726.CrossRefGoogle Scholar


 
 

 Mathis, R., Hutchins, N. & Marusic, I. 2009 Large-scale amplitude modulation of the small-scale structures in turbulent boundary layers. J. Fluid Mech. 628, 311–337.CrossRefGoogle Scholar


 
 

 Mehrez, A., Philip, J., Yamamoto, Y. & Tsuji, Y. 2019 Pressure and spanwise velocity fluctuations in turbulent channel flows: logarithmic behavior of moments and coherent structures. Phys. Rev. Fluids 4 (4), 044601.CrossRefGoogle Scholar


 
 

 Meneveau, C. & Marusic, I. 2013 Generalized logarithmic law for high-order moments in turbulent boundary layers. J. Fluid Mech. 719, R1.CrossRefGoogle Scholar


 
 

 Millikan, C.B. 1938 A critical discussion of turbulent flows in channels and circular tubes. In Proceedings of the Fifth International Congress for Applied Mechanics (ed. J.P. den Hartog & H. Peters), pp. 386–392. Wiley.Google Scholar


 
 

 Monkewitz, P.A. & Nagib, H.M. 2015 Large-Reynolds-number asymptotics of the streamwise normal stress in zero-pressure-gradient turbulent boundary layers. J. Fluid Mech. 783, 474–503.CrossRefGoogle Scholar


 
 

 Monty, J.P. & Chong, M.S. 2009 Turbulent channel flow: comparison of streamwise velocity data from experiments and direct numerical simulation. J. Fluid Mech. 633, 461–474.CrossRefGoogle Scholar


 
 

 Morrill-Winter, C., Klewicki, J., Baidya, R. & Marusic, I. 2015 Temporally optimized spanwise vorticity sensor measurements in turbulent boundary layers. Exp. Fluids 56 (12), 216.CrossRefGoogle Scholar


 
 

 Morrill-Winter, C., Philip, J. & Klewicki, J. 2017 An invariant representation of mean inertia: theoretical basis for a log law in turbulent boundary layers. J. Fluid Mech. 813, 594–617.CrossRefGoogle Scholar


 
 

 Nickels, T.B. & Marusic, I. 2001 On the different contributions of coherent structures to the spectra of a turbulent round jet and a turbulent boundary layer. J. Fluid Mech. 448, 367–385.CrossRefGoogle Scholar


 
 

 Nickels, T.B., Marusic, I., Hafez, S. & Chong, M.S. 2005 Evidence of the [image: ]
$k_1^{-1}$ law in a high-Reynolds-number turbulent boundary layer. Phys. Rev. Lett. 95 (7), 074501.CrossRefGoogle Scholar


 
 

 Örlü, R. & Schlatter, P. 2013 Comparison of experiments and simulations for zero pressure gradient turbulent boundary layers at moderate Reynolds numbers. Exp. Fluids 54 (6), 1547.CrossRefGoogle Scholar


 
 

 Perry, A.E. & Abell, C.J. 1975 Scaling laws for pipe-flow turbulence. J. Fluid Mech. 67 (2), 257–271.CrossRefGoogle Scholar


 
 

 Perry, A.E. & Chong, M.S. 1982 On the mechanism of wall turbulence. J. Fluid Mech. 119, 173–217.CrossRefGoogle Scholar


 
 

 Perry, A.E., Henbest, S. & Chong, M.S. 1986 A theoretical and experimental study of wall turbulence. J. Fluid Mech. 165, 163–199.CrossRefGoogle Scholar


 
 

 Philip, J., Hutchins, N., Monty, J.P. & Marusic, I. 2013 a Spatial averaging of velocity measurements in wall-bounded turbulence: single hot-wires. Meas. Sci. Technol. 24 (11), 115301.CrossRefGoogle Scholar


 
 

 Philip, J., Baidya, R., Hutchins, N., Monty, J.P. & Marusic, I. 2013 b Spatial averaging of streamwise and spanwise velocity measurements in wall-bounded turbulence using [image: ]
$\vee$- and [image: ]
$\times$-probes. Meas. Sci. Technol. 24 (11), 115302.CrossRefGoogle Scholar


 
 

 Quadrio, M. 2011 Drag reduction in turbulent boundary layers by in-plane wall motion. Phil. Trans. R. Soc. Lond. A 369 (1940), 1428–1442.Google ScholarPubMed


 
 

 Samie, M., Marusic, I., Hutchins, N., Fu, M.K., Fan, Y., Hultmark, M. & Smits, A.J. 2018 Fully resolved measurements of turbulent boundary layer flows up to [image: ]
$Re_\tau = 20\,000$. J. Fluid Mech. 851, 391–415.CrossRefGoogle Scholar


 
 

 Schlatter, P. & Örlü, R. 2010 Assessment of direct numerical simulation data of turbulent boundary layers. J. Fluid Mech. 659, 116–126.CrossRefGoogle Scholar


 
 

 Sillero, J.A., Jiménez, J. & Moser, R.D. 2013 One-point statistics for turbulent wall-bounded flows at Reynolds numbers up to [image: ]
$\delta ^+ \approx 2000$. Phys. Fluids 25 (10), 105102.CrossRefGoogle Scholar


 
 

 Sillero, J.A., Jiménez, J. & Moser, R.D. 2014 Two-point statistics for turbulent boundary layers and channels at Reynolds numbers up to [image: ]
$\delta ^+ \approx 2000$. Phys. Fluids 26 (10), 105109.CrossRefGoogle Scholar


 
 

 de Silva, C.M., Woodcock, J.D., Hutchins, N. & Marusic, I. 2016 Influence of spatial exclusion on the statistical behavior of attached eddies. Phys. Rev. Fluids 1 (2), 022401.CrossRefGoogle Scholar


 
 

 Smits, A.J., McKeon, B.J. & Marusic, I. 2011 High-Reynolds number wall turbulence. Annu. Rev. Fluid Mech. 43, 353–375.CrossRefGoogle Scholar


 
 

 Talluru, K.M., Baidya, R., Hutchins, N. & Marusic, I. 2014 Amplitude modulation of all three velocity components in turbulent boundary layers. J. Fluid Mech. 746, R1.CrossRefGoogle Scholar


 
 

 Taylor, G.I. 1938 The spectrum of turbulence. Proc. R. Soc. Lond. A 164 (919), 476–490.Google Scholar


 
 

 Townsend, A.A. 1976 The Structure of Turbulent Shear Flow, 2nd edn. Cambridge University Press.Google Scholar


 
 

 Wei, T., Fife, P., Klewicki, J. & McMurtry, P. 2005 Properties of the mean momentum balance in turbulent boundary layer, pipe and channel flows. J. Fluid Mech. 522, 303–327.CrossRefGoogle Scholar


 
 

 Winter, K.G. 1979 An outline of the techniques available for the measurement of skin friction in turbulent boundary layers. Prog. Aerosp. Sci. 18, 1–57.CrossRefGoogle Scholar


 
 

 Woodcock, J.D. & Marusic, I. 2015 The statistical behaviour of attached eddies. Phys. Fluids 27 (1), 015104.CrossRefGoogle Scholar


 
 

 Yang, X.I.A., Baidya, R., Lv, Y. & Marusic, I. 2018 A hierarchical random additive model for the spanwise and wall-normal velocities in wall-bounded flows at high Reynolds numbers. Phys. Rev. Fluids 3 (12), 124606.CrossRefGoogle Scholar


 
 

 Zimmerman, S., Morrill-Winter, C. & Klewicki, J. 2017 Design and implementation of a hot-wire probe for simultaneous velocity and vorticity vector measurements in boundary layers. Exp. Fluids 58 (10), 148.CrossRefGoogle Scholar


 
 

 Zimmerman, S., et al. . 2019 A comparative study of the velocity and vorticity structure in pipes and boundary layers at friction Reynolds numbers up to [image: ]
$10^4$. J. Fluid Mech. 869, 182–213.CrossRefGoogle Scholar




 

           



 
  	10
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
10




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Deshpande, Rahul
and
Marusic, Ivan
2021.
Characterising Momentum Flux Events in High Reynolds Number Turbulent Boundary Layers.
Fluids,
Vol. 6,
Issue. 4,
p.
168.


	CrossRef
	Google Scholar






Subrahmanyam, Matthew A.
Cantwell, Brian J.
and
Alonso, Juan J.
2022.
A universal velocity profile for turbulent wall flows including adverse pressure gradient boundary layers.
Journal of Fluid Mechanics,
Vol. 933,
Issue. ,


	CrossRef
	Google Scholar






Bowen, Luke
Celik, Alper
Azarpeyvand, Mahdi
and
da Silva, Carlos R. Ilário
2022.
Grid Generated Turbulence for Aeroacoustic Facility.
AIAA Journal,
Vol. 60,
Issue. 3,
p.
1833.


	CrossRef
	Google Scholar






Huang, Junji
Duan, Lian
and
Choudhari, Meelan M.
2022.
Direct numerical simulation of hypersonic turbulent boundary layers: effect of spatial evolution and Reynolds number.
Journal of Fluid Mechanics,
Vol. 937,
Issue. ,


	CrossRef
	Google Scholar






Smits, Alexander J.
2022.
Batchelor Prize Lecture: Measurements in wall-bounded turbulence.
Journal of Fluid Mechanics,
Vol. 940,
Issue. ,


	CrossRef
	Google Scholar






Gungor, Taygun R.
Maciel, Yvan
and
Gungor, Ayse G.
2022.
Energy transfer mechanisms in adverse pressure gradient turbulent boundary layers: production and inter-component redistribution.
Journal of Fluid Mechanics,
Vol. 948,
Issue. ,


	CrossRef
	Google Scholar






Ono, Marie
Furuichi, Noriyuki
and
Tsuji, Yoshiyuki
2023.
Reynolds number dependence of turbulent kinetic energy and energy balance of 3-component turbulence intensity in a pipe flow.
Journal of Fluid Mechanics,
Vol. 975,
Issue. ,


	CrossRef
	Google Scholar






Rouhi, A.
Fu, M.K.
Chandran, D.
Zampiron, A.
Smits, A.J.
and
Marusic, I.
2023.
Turbulent drag reduction by spanwise wall forcing. Part 1. Large-eddy simulations.
Journal of Fluid Mechanics,
Vol. 968,
Issue. ,


	CrossRef
	Google Scholar






Wei, Tie
Li, Zhaorui
and
Wang, Yanxing
2023.
New formulations for the mean wall-normal velocity and Reynolds shear stress in a turbulent boundary layer under zero pressure gradient.
Journal of Fluid Mechanics,
Vol. 969,
Issue. ,


	CrossRef
	Google Scholar






Wei, Tie
and
Klewicki, Joseph
2023.
Integral relation in zero-pressure-gradient boundary layer flows.
Physical Review Fluids,
Vol. 8,
Issue. 12,


	CrossRef
	Google Scholar


















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Spanwise velocity statistics in high-Reynolds-number turbulent boundary layers








	Volume 913
	
R. Baidya (a1), J. Philip (a1), N. Hutchins (a1), J.P. Monty (a1) and I. Marusic (a1)

	DOI: https://doi.org/10.1017/jfm.2020.1129





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Spanwise velocity statistics in high-Reynolds-number turbulent boundary layers








	Volume 913
	
R. Baidya (a1), J. Philip (a1), N. Hutchins (a1), J.P. Monty (a1) and I. Marusic (a1)

	DOI: https://doi.org/10.1017/jfm.2020.1129





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Spanwise velocity statistics in high-Reynolds-number turbulent boundary layers








	Volume 913
	
R. Baidya (a1), J. Philip (a1), N. Hutchins (a1), J.P. Monty (a1) and I. Marusic (a1)

	DOI: https://doi.org/10.1017/jfm.2020.1129





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















