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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Transonic Aerodynamics Committee. This
Committee first met in 1960 and now has the following membership:

The construction and subsequent development of the Data Item were undertaken by

Chairman
Mr G.R. Richards — Independent

Members
Mr J. Alderman — EADS Innovation Works, Bristol
Mr D. Amor — BAE SYSTEMS, Warton
Prof. H. Babinsky — University of Cambridge, Cambridge
Mr J. Chu — Independent
Mr M.C.P. Firmin — Member Emeritus
Prof. J.L. Fulker — Independent
Mr G.R. Hargreaves — Independent
Prof. K. Knowles — Cranfield University, Shrivenham
Mr S. Lawson — Aircraft Research Association Limited, Bedford
Dr M.M. Freestone — Independent
Mr T. Pemberton — BAE SYSTEMS, Warton
Dr S. Prince — The City University, London
Dr S. Shaw*

* Corresponding Member

— Airbus Deutschland GMBH, Germany
Mr I. Whitehouse — Airbus Operations Ltd, Bristol
Mr P.W.C. Wong — Aircraft Research Association Limited, Bedford.

Dr D. Philpott — Senior Transonic Aerodynamics Engineer.

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 09016 2013

http://www.avadocuments.com/doc/esdu-09016-2013
http://www.avadocuments.com/doc/esdu-09016-2013


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

i

ESDU 09016
USE OF LOCAL-FLOW CONDITIONS FOR CALCULATION OF ROUGHNESS-
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ESDU 09016
USE OF LOCAL-FLOW CONDITIONS FOR CALCULATION OF 
ROUGHNESS-PARTICLE HEIGHT IN TRANSITION STRIPS ON WINGS

1. INTRODUCTION

The use of transition (or roughness) strips (or bands) to induce transition in wind-tunnel testing is well
established.  An example of such a strip, which typically consists of roughness elements (such as
carborundum particles) locally glued to the surface, is shown in Sketch 1.1.  When using this technique it
is important that the roughness height, in the transition strip, is sufficient to establish transition fully at the
desired location.  However, use of excessive roughness height will thicken the turbulent boundary layer,
resulting in excessive drag.

Sketch 1.1  Transition strip in transonic wind-tunnel test (courtesy ARA Ltd.)

In transonic wind-tunnel testing, at Reynolds numbers significantly below the full-scale value, it is
important to control boundary-layer conditions at locations where high pressure gradients are anticipated,
such as in the region of a shock wave or close to the trailing edge on a wing upper surface1.  Because of
this “aft-fixing” may be employed2, in which tests are made with a transition strip located downstream of
the expected full-scale transition location (which is usually close to the wing leading edge for a swept wing).
This results in a reduced turbulent boundary-layer thickness downstream of the strip, simulating a Reynolds
number that is higher than the actual test Reynolds number. The use of this technique is described more
fully in Reference 2.

The roughness height required to ensure transition depends on the state of the laminar boundary layer at
the position of the transition strip.  When aft-fixing is used, this requires knowledge of the laminar
boundary-layer state at the particular location on the surface at which the transition strip is located.  Because
a single transition strip will usually be required to cover a range of conditions (such as different incidence
settings), the strip is sized to ensure transition under all test conditions.  Allowance may then be made for
“over-fixing” where appropriate.

This Item describes a method (implemented as the accompanying program ecrit2) that can be used to
estimate the roughness height required to ensure transition on a wing, using the simple correlation method
suggested by van Driest and Blumer3, and investigates its performance in the transonic range.  An advantage

Transition strip
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ESDU 09016
of this method is that it can easily be applied to local-flow conditions and, in this Item, the Viscous
Garabedian and Korn (VGK) two-dimensional aerofoil program4 is used to derive required input
parameters. 

The present method is validated against an alternative method, due to Braslow and Knox5.  A spreadsheet
implementation of the Braslow and Knox method, which is tailored to the ARA transonic wind tunnel
(TWT)6 is used for this validation.  In the spreadsheet method (which is not inlcuded in this Item) the wing
is replaced by an equivalent flat plate and local-flow conditions are not taken into account.

2. NOTATION

constant (Equation (A1.8))

lift coefficient

local chord length of wing or aerofoil

mean chord of wing

roughness height below which boundary layer is not affected

roughness height which triggers sustained transition

shape parameter 

Mach number

local Mach number at edge of boundary layer

freestream Mach number in wind tunnel

wind-tunnel freestream stagnation pressure

gas constant

Reynolds number

Reynolds number based on freestream conditions and 

Reynolds number based on freestream conditions and 

Reynolds number based on   

Reynolds number on flat plate at transition strip location 

Reynolds number based on 

C

CL

c

c

ecrit1

ecrit2

H */= 

M

M

M

ps

R

Re

Rec c  Uc/= 

Rec c  Uc /= 

Reecrit2
ecrit2 u ecrit2/= 

Rexstrip
u xstrip/= 

Re
*

*  u= 
*
/ 
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Reynolds number based on  

Reynolds number based on 

reference temperature (Equation (A1.8))

wind-tunnel stagnation temperature

aerofoil surface temperature

adiabatic recovery temperature at surface

local temperature at edge of boundary layer

freestream speed in wind tunnel

local velocity in boundary layer

local velocity at edge of boundary layer

distance from leading edge, measured along aerofoil chord line

distance from leading edge of flat plate

 at transition strip location

distance normal to surface

local boundary-layer thickness

ratio of specific heats

local boundary-layer displacement thickness 

local boundary-layer momentum thickness 

local boundary-layer momentum thickness in incompressible flow

dynamic viscosity reference value (Equation (A1.8))

local dynamic viscosity at edge of boundary layer

freestream dynamic viscosity in wind tunnel

Re  u/= 

Rei
i ui/= 

r Re /Rei
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u
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x
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y
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

*   1
u
 u
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  y

--d

0

1

=
 
 
 
 

   
u
 u
------------ 1

u
u
-----–

 
 
 

 
 
  y


--d

0

1
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 
 
 
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local kinematic viscosity at edge of boundary layer 

freestream kinematic viscosity in wind tunnel 

local density in boundary layer

wind-tunnel stagnation density

local density at edge of boundary layer

freestream density in wind tunnel

 /= 

 /= 



s




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