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Abstract

This paper presents an experimental study of the effect of a directionally porous wing tip on the tip vortex using particle

image velocimetry (PIV) on a half wing model with NACA 653218 as its airfoil section. Four different configurations of the

directionally porous wing tip are tested. The vortex generated by the wing tips are examined at four different measuring

planes downstream perpendicular to the flow axis. The flow field over the porous wing tip surface along the streamwise

direction is obtained as well to understand the effects of the porosity on the flow which in the end affects the vortex

downstream. Furthermore, the aerodynamic performance of all different configurations is compared to study their effects

on the aerodynamic coefficients of the wing. The results show a high reduction in vorticity, up to 90%; tangential velocity

reduction up to 67% and a significant reduction in vortex circulation in the near-far field. Effect on the li� to drag ratio is up

to 20 %.

Keywords

Author Keywords: Porosity; Porous wing tip; Wing tip; Aerodynamics; PIV

KeyWords Plus: DIFFERENTIAL SPOILER SETTINGS; REDUCTION; LIFT; DRAG; SLOTS

Author Information

Reprint Address: Asrar, W (reprint author)

IIUM, Dept Mech Engn, Kuala Lumpur 63100, Malaysia.

Addresses:

[ 1 ] IIUM, Dept Mech Engn, Kuala Lumpur 63100, Malaysia

[ 2 ] Int Univ Rabat, Sch Aerosp & Automot Engn, Recade Rabat Sale 11100, Sala El Jedida, Morocco

       [ 3 ] New York Inst Technol, Abu Dhabi Campus, Abu Dhabi, U Arab Emirates

E-mail Addresses: waqar@iium.edu.my

Publisher

ISFAHAN UNIV TECHNOLOGY, MECHANICAL ENGINEEING DEPT, JAFM OFFICE, ISFAHAN, 84156-83111, IRAN

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification

Research Areas: Thermodynamics; Mechanics

Web of Science Categories: Thermodynamics; Mechanics

See more data fields

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

31
Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

0 0

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Science Citation Index Expanded

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

  1  of  1 

Cited References: 31

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Master Journal List Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

Free Full Text from Publisher Look Up Full Text Add to Marked ListFull Text from Publisher Find PDF Export...A

 1  of  1 

Learn more

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=F1h5XOhSys1IMJmyAQK
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F1h5XOhSys1IMJmyAQK&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=12133647
javascript:sup_focus('addressWOS:000517208300022-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F1h5XOhSys1IMJmyAQK&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=746603
javascript:sup_focus('addressWOS:000517208300022-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F1h5XOhSys1IMJmyAQK&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=674933
javascript:sup_focus('addressWOS:000517208300022-2')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F1h5XOhSys1IMJmyAQK&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=6331146
javascript:sup_focus('addressWOS:000517208300022-3')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=F1h5XOhSys1IMJmyAQK&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=1172030
javascript:sup_focus('addressWOS:000517208300022-1')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=Porosity&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=Porous+wing+tip&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=Wing+tip&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=Aerodynamics&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=PIV&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=DIFFERENTIAL+SPOILER+SETTINGS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=REDUCTION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=LIFT&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=DRAG&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&field=TS&value=SLOTS&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
mailto:waqar@iium.edu.my
javascript:;
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=F1h5XOhSys1IMJmyAQK&component=pct&forwardTo=None&qid=1&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF1h5XOhSys1IMJmyAQK%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000517208300022&search_mode=CitedRefList&SID=F1h5XOhSys1IMJmyAQK&parentProduct=WOS&parentQid=1&parentDoc=1&recid=WOS:000517208300022&PREC_REFCOUNT=31&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d1%26log_event%3dyes%26product%3dWOS%26SID%3dF1h5XOhSys1IMJmyAQK%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000517208300022&parentProduct=WOS&parentQid=1&search_mode=RelatedRecords&SID=F1h5XOhSys1IMJmyAQK&parentDoc=1
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=1&parentDoc=1&qid=2&SID=F1h5XOhSys1IMJmyAQK&colName=WOS&page=1
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
https://mjl-clarivate-com.ezproxy.um.edu.my/home
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=F1h5XOhSys1IMJmyAQK&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript:void('Links');
javascript:;
javascript: void(0)
javascript: void('Next Page')
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=F1h5XOhSys1IMJmyAQK&page=


4/24/2020 Web of Science [v.5.34] - Web of Science Core Collection Full Record

apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=F1h5XOhSys1IMJmyAQK&… 2/4

(from Web of Science Core Collection)Showing 30 of 31 View All in Cited References page

An experimental study on the interaction between free-stream turbulence and a wing-tip vortex in the near-field

By: Ahmadi-Baloutaki, Mojtaba; Carriveau, Rupp; Ting, David S. -K.

AEROSPACE SCIENCE AND TECHNOLOGY  Volume: 43   Pages: 395-405   Published: JUN 2015

Times Cited: 4 

A Review on Aerodynamics of Non-flapping Bird Wings

By: Aldheeb, Mohammed Abdulmalek; Asrar, Waqar; Sulaeman, Erwin; et al.

JOURNAL OF AEROSPACE TECHNOLOGY AND MANAGEMENT  Volume: 8   Issue: 1   Pages: 7-17   Published: JAN-MAR 2016

Times Cited: 4 

Influence of a Reverse Delta-Type Add-On Device on Wake Vortex Alleviation

By: Altaf, Afaq; Thong, Tan Boon; Omar, Ashraf A.; et al.

AIAA JOURNAL  Volume: 54   Issue: 2   Pages: 625-636   Published: FEB 2016

Times Cited: 4 

Title: [not available]

By: Anderson, J.

Fundamentals of Aerodynamics  Published: 2016

Publisher: McGraw-Hill Education, New York

Times Cited: 15 

Wake vortex characteristics of transport aircra�

By: Breitsamter, C.

PROGRESS IN AEROSPACE SCIENCES  Volume: 47   Issue: 2   Pages: 89-134   Published: FEB 2011

Times Cited: 36 

Experimental Investigation of Wing-Tip Devices on the Reduction of Induced Drag

By: Ceron-Munoz, H. D.; Cosin, R.; Coimbra, R. F. F.; et al.

JOURNAL OF AIRCRAFT  Volume: 50   Issue: 2   Pages: 441-449   Published: MAR-APR 2013

Times Cited: 11 

An experimental investigation of trailing vortices behind a wing with a vortex dissipator

By: Corsiglia, V. R.; Jacobsen, R. A.; Chigier, N.

Aircra� wake turbulence and its detection  Pages: 229-242   Published: 1971

Publisher: Springer

Times Cited: 9 

Status of wake vortex alleviation in the framework of European collaboration: validation using tests and CFD results

By: Coustols, E.; Jacquin, L.; Schrauf, G.

EUR C COMP FLUID DYN  Published: 2006

Times Cited: 4 

Title: [not available]

By: Croom, D. R.; Holbrook, G. T.

Low-speed wind-tunnel investigation of wing fins as trailing-vortex-alleviation devices on a transport airplane model  Published: 1979

Publisher: NASA Langley Research Center, Hampton, VA, United States.

Times Cited: 1 

Near wake development of a wing tip vortex under the effect of synthetic jet actuation

By: Dghim, Marouen; Ferchichi, Mohsen; Perez, Ruben E.; et al.

AEROSPACE SCIENCE AND TECHNOLOGY  Volume: 54   Pages: 88-107   Published: JUL 2016

Times Cited: 4 

Investigation of the wind turbine vortex structure

By: Dobrev, I.; Maalouf, B.; Troldborg, N.; et al.

14 INT S APPL LAS TE  Pages: 07-10   Published: 2008

[Show additional data]

Times Cited: 18 

Influence of Differential Spoiler Settings on the Wake Vortex Characterization and Alleviation

By: Elsayed, Omer A.; Asrar, Waqar; Omar, Ashraf A.; et al.

JOURNAL OF AIRCRAFT  Volume: 47   Issue: 5   Pages: 1728-1738   Published: SEP-OCT 2010

Times Cited: 4 

Effect of differential spoiler settings (DSS) on the wake vortices of a wing at high-li�-configuration (HLC)

By: Esayed, Omer A.; Omar, Ashraf A.; Asrar, Waqar; et al.

AEROSPACE SCIENCE AND TECHNOLOGY  Volume: 15   Issue: 7   Pages: 555-566   Published: OCT-NOV 2011

Times Cited: 5 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=1&parentDoc=1&qid=2&SID=F1h5XOhSys1IMJmyAQK&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000356754300037
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=1&REFID=490584355&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000371998500002
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=2&REFID=506912364&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000373294100020
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=3&REFID=507675421&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=4&REFID=536308183&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000289019600001
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=5&REFID=351608094&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000317321900011
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=6&REFID=450502366&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=7&REFID=28019567&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=8&REFID=408805806&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=9&REFID=602020150&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000378441000008
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=10&REFID=512429142&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:$('#cited-refs-full-record #FCR_NORMAL_DATA_11 .fcr-data-normal').hide(1000);$('#cited-refs-full-record #FCR_NORMAL_DATA_11 .fcr-data-additional').css('display', 'inline');$('#cited-refs-full-record #FCR_NORMAL_DATA_11 .fcr-data-additional').show('fast');void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=11&REFID=412583343&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000283206100024
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=12&REFID=338820871&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitedFullRecord&isickref=WOS:000296748500006
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=F1h5XOhSys1IMJmyAQK&search_mode=CitingArticles&parentProduct=WOS&parentQid=2&parentDoc=13&REFID=424527877&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct

