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This paper presents novel wind tunnel test results on the aerodynamics of a symmetric thin porous airfoil and a porous

rectangular half wing using a symmetric thin airfoil as its cross section, obtained by a six-component force balance. The

variation of lift coefficient, drag coefficient, pitching moment, lift versus drag, the gradient of lift, and location of the

aerodynamic center with respect to the angle of attack are presented as a function of the porosity. The data, where possible,

are compared with the analytical results. The trend of the experimental results behaves in the same manner as the

analytical solution. The measured drag coefficients of the airfoil and wing are also presented. The applicability of the

standard equation relating the lift coefficient of a non-porous wing with that of a non-porous airfoil to the case of porous

wings is verified by applying the equation to porous wings and validating the results using experimental data. Lift slope 1

decreases as the porosity increases. The drag decreases at a low value of porosity and then increases as porosity increases.
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The standard equation for obtaining the lift coefficient of a wing from the lift coefficient of an airfoil is applicable and valid

for porous wings and airfoils.

Keywords

Author Keywords: Porosity; Porous airfoil; Porous wing; Aerodynamics; Permeability

KeyWords Plus: FLOW

Author Information
Reprint Address: Asrar, W (reprint author)

+ 1IlUM, Dept Mech Engn, POB 10, Kuala Lumpur 50728, Malaysia.

Addresses:

Learn more

This record is from:
Web of Science Core Collection

View Related Records

Use in Web of Science

Web of Science Usage Count

1

Since 2013

- Science Citation Index Expanded

Suggest a correction

Ifyou would like to improve the quality of

+ [1]11UM, Dept Mech Engn, POB 10, Kuala Lumpur 50728, Malaysia

[2]UOT, POB 81507, Tripoli, Libya

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

Publisher

SPRINGER WIEN, SACHSENPLATZ 4-6, PO BOX 89, A-1201 WIEN, AUSTRIA

Categories / Classification
Research Areas: Mechanics

Web of Science Categories: Mechanics

See more data fields

Cited References: 15

Showing 15 of 15 View Allin Cited References page

the data in this record, please suggest a
correction.

4 10f2 P

(from Web of Science Core Collection)

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5Ir26 D44HRRckieQrV&page=1&doc=1

1/3


http://apps.webofknowledge.com/home.do?SID=D5lr26D44HRRckieQrV
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Aldheeb,%20M&dais_id=12133647&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000442395700020-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Asrar,%20W&dais_id=746603&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000442395700020-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Sulaeman,%20E&dais_id=1172030&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000442395700020-1')
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D5lr26D44HRRckieQrV&author_name=Omar,%20AA&dais_id=674933&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000442395700020-2')
javascript:;
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Porosity&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Porous+airfoil&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Porous+wing&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Aerodynamics&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=Permeability&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D5lr26D44HRRckieQrV&field=TS&value=FLOW&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')
mailto:waqar@iium.edu.my
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=D5lr26D44HRRckieQrV&component=pct&forwardTo=None&qid=57&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com/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%3d57%26log_event%3dyes%26product%3dWOS%26SID%3dD5lr26D44HRRckieQrV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000442395700020&search_mode=CitedRefList&SID=D5lr26D44HRRckieQrV&parentProduct=WOS&parentQid=57&parentDoc=1&recid=WOS:000442395700020&PREC_REFCOUNT=15&fromRightPanel=true
http://apps.webofknowledge.com/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%3d57%26log_event%3dyes%26product%3dWOS%26SID%3dD5lr26D44HRRckieQrV%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000442395700020&parentProduct=WOS&parentQid=57&search_mode=RelatedRecords&SID=D5lr26D44HRRckieQrV&parentDoc=1
javascript:;
javascript: void(0)
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5lr26D44HRRckieQrV&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=57&parentDoc=1&qid=58&SID=D5lr26D44HRRckieQrV&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
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com/WOS_CombineSearches_input.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CombineSearches
http://apps.webofknowledge.com/ViewMarkedList.do?action=Search&product=WOS&SID=D5lr26D44HRRckieQrV&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript: void(0)
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5lr26D44HRRckieQrV&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=GeneralSearch
http://apps.webofknowledge.com/summary.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5lr26D44HRRckieQrV&page=

1/22/2019

10.

11.

12.

13.

14.

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5Ir26 D44HRRckieQrV&page=1&doc=1

Web of Science [v.5.31] - Web of Science Core Collection Full Record

Title: [not available]

By: Anderson, J. D.

Fundamentals of Aerodynamics Published: 2016
Publisher: McGraw-Hill Higher Education, New York

Title: [not available]

By: Bird, RB; Stewart, WE; Lightfoot, EN.

Transport Phenomena Pages: 413-413 Published: 1960
Publisher: Wiley, NY

Numerical study of porous airfoils in transonic flow
By: Chen, C. -L.
NASATM 86713 Published: 1985

Measurement of the noise generation at the trailing edge of porous airfoils
By: Geyer, T.; Sarradj, E.; Fritzsche, C.
EXPERIMENTS IN FLUIDS Volume: 48 Issue:2 Pages: 291-308 Published: FEB 2010

Porous airfoils: noise reduction and boundary layer effects
By: Geyer, Thomas; Sarradj, Ennes; Fritzsche, Christoph
INTERNATIONAL JOURNAL OF AEROACOUSTICS Volume: 9 Issue: 6 Pages: 787-820 Published: 2010

The steady aerodynamics of aerofoils with porosity gradients
By: Hajian, R.; Jaworski, J. W.

P ROYAL SOC A Published: 2017

Publisher: The Royal Society

Applicability of the Forchheimer equation for non-Darcy flow in porous media
By: Huang, H.; Ayoub, J.
SPE JOURNAL Volume: 13 Issue:1 Pages: 112-122 Published: MAR 2008

Aerodynamics of permeable membrane wings. Part 2: Seepage drag
By: losilevskii, Gil
EUROPEAN JOURNAL OF MECHANICS B-FLUIDS Volume: 39 Pages: 32-41 Published: MAY-JUN 2013

Aerodynamics of permeable membrane wings
By: losilevskii, Gil
EUROPEAN JOURNAL OF MECHANICS B-FLUIDS Volume: 30 Issue:5 Pages: 534-542 Published: SEP-OCT 2011

Air transmissivity of feathers
By: Muller, W; Patone, G
JOURNAL OF EXPERIMENTAL BIOLOGY Volume: 201 Issue: 18 Pages: 2591-2599 Published: SEP 1998

PERMEABLE AIRFOILS IN INCOMPRESSIBLE-FLOW
By: MUSAT, VM
JOURNAL OF AIRCRAFT Volume: 30 Issue:3 Pages: 419-421 Published: MAY-JUN 1993

POROUS AIRFOILS IN TRANSONIC FLOW
By: SAVU, G; TRIFU, O
AIAA JOURNAL Volume: 22 Issue: 7 Pages: 989-991 Published: 1984

Title: [not available]

By: Tian, Z.

The Steady Aerodynamics of Airfoils with Uniform Porosity Published: 2014
Publisher: Lehigh University, Bethlehem

On the attenuating effect of permeability on the low frequency sound of an airfoil
By: Weidenfeld, M.; Manela, A.
JOURNAL OF SOUND AND VIBRATION Volume: 375 Pages: 275-288 Published: AUG 4 2016

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

Times Cited:

2/3


http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=1&REFID=536308183&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=2&REFID=96709935&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=3&REFID=519533916&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000273979300009
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=4&REFID=288345213&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000280274600004
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=5&REFID=327309574&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=6&REFID=566705549&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000254430400011
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=7&REFID=90127557&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000316514100003
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=8&REFID=444773814&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000294105100006
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=9&REFID=421258495&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=10&REFID=11440807&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=11&REFID=113618521&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=12&REFID=9997464&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=13&REFID=566705581&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/CitedFullRecord.do?product=WOS&colName=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitedFullRecord&isickref=WOS:000376483600017
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=14&REFID=510705363&excludeEventConfig=ExcludeIfFromNonInterProduct

1/22/2019 Web of Science [v.5.31] - Web of Science Core Collection Full Record

15.  Influence of wall permeability on turbulent boundary-layer properties Times Cited: 1
By: Wilkinson, S.
21 AER SCI'M Published: 1983

Showing 15 of 15 View Allin Cited References page

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=57&SID=D5Ir26D44HRRckieQrV&page=1&doc=1 3/3


http://apps.webofknowledge.com/CitingArticles.do?product=WOS&SID=D5lr26D44HRRckieQrV&search_mode=CitingArticles&parentProduct=WOS&parentQid=58&parentDoc=15&REFID=566705600&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=57&parentDoc=1&qid=58&SID=D5lr26D44HRRckieQrV&colName=WOS&page=1
javascript: void('home')
javascript: void('copyright')
javascript: void('policy');
javascript: void('privacy');
javascript: void('cookies')
javascript: void('Newsletter')

