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ESDU 76008
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.
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ESDU 76008
DRAG OF TRANSVERSE ROWS OF SPHERICALLY-HEADED RIVETS IMMERSED 
IN A TURBULENT BOUNDARY LAYER AT SUBSONIC AND SUPERSONIC SPEEDS

1. NOTATION AND UNITS

2. SCOPE OF ITEM

The charts described in Section 3 provide a means of estimating the incremental drag coefficient of
spherically-headed rivets. Figure 2, which applies only to low speeds , can be used for rivet
heads with h/d = 0.2, 0.3 and 0.5, whilst Figure 3 which contains data for higher Mach numbers, is applicable
only to h/d = 0.2.

SI British

incremental drag coefficient due to transverse rows of rivets 
based on frontal area (S × number of rivets) and kinetic 
pressure at edge of undisturbed boundary layer

local skin friction coefficient in absence of rivets, based on 
kinetic pressure at edge of boundary layer

planform diameter of rivet head (see Sketch 2.1) m ft

height of rivet head (see Sketch 2.1) m ft

Mach number at edge of undisturbed boundary layer

Reynolds number based on velocity and kinematic viscosity, 
both at edge of undisturbed boundary layer, and h

Reynolds number based on velocity and kinematic viscosity, 
both at edge of undisturbed boundary layer, and distance from 
virtual origin of boundary layer, x

frontal area of single rivet head (see Equations (3.3) to (3.5)) m2 ft2

friction velocity, m/s ft/s

local boundary-layer thickness for which local velocity in 
boundary layer is 0.999 times local velocity at edge of 
boundary layer

m ft

kinematic viscosity at wall m2/s ft2/s

density at wall kg/m3 slug/ft3

wall shear stress N/m2 lbf/ft2

CD

Cf

d

h

M1

Rh

Rx

S

uτ τw /ρw( )½

δ

νw

ρw

τw

M1 0.5≤( )
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ESDU 76008
The Item is based primarily on experimental data obtained at RAE Bedford (Derivation 2) for rivet heads
on a flat wall (corresponding to a flat plate at zero incidence) with a turbulent boundary layer, and is
applicable to airflow with zero heat transfer and zero pressure gradient. The rivet heads tested all had
h/d = 0.2 but h was varied between 5.26 mm and 28.02 mm giving values of  between 0.04 and 0.35.
Tests were carried out at Mach numbers of 0.2, 0.8, 1.4 and 2.2. Low speed tests (M1 = 0.07) on single rivet
heads (Derivation 1) support the RAE data at h/d = 0.2 and provide additional data for h/d ratios of 0.3
and 0.5.

Sketch 2.1  Rivet geometry

For the RAE tests the rivet heads were mounted at a pitch of 2.5d in rows transverse to the airflow on a
circular floating-element drag balance, of diameter 368 mm, set into the wind-tunnel wall. The rows were
extended on either side of the balance plate so that the measurements represented the drag of rows of infinite
extent. The exception to this was the largest rivet height (28.02 mm), which was tested as a single rivet
head mounted centrally on the balance plate. For double rows of rivets the tests were limited to the smallest
rivet height, the two rows being 2.5d apart and staggered by half the rivet pitch as shown in Sketch 2.1.
The drag increment measured was the load on the rivets themselves, plus any changes in skin friction on
the balance plate less the skin friction corresponding to the area covered by the rivet heads, but did not
include the effect of drag changes induced downstream of the balance plate.

Table 8.1 summarises the ranges of experimental data used in the derivation of the methods given in this
Item. Outside these ranges the methods may not give satisfactory estimates.

h/δ

Airflow direction

Single row Double row

Section through rivet head

Radius

2.5d 2.5d

2.5d

2.5d

1.25d

d

d

d

h
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