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A rapid method for estimating the zero-lift drag coef� cient of transport aircraft is presented. The method is based
on the principle of equivalent skin friction. The method considers an empirical relation between the equivalent
skin-friction coef� cient and Reynolds number based on a reference length calculated from the aircraft’s geometry.
The method can be used throughout the conceptual design phase as a prediction and veri� cation tool.
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Nomenclature
b = wing span
CD0 = zero-lift drag coef� cient
Cfe = equivalent skin friction coef� cient
` = reference length
Re = Reynolds number
S = wing area
Swet = aircraft total wetted area
V = speed
º = kinematic viscosity

Introduction

I N the conceptual design phase, simple equations are used to
estimate a number of variables of an aircraft like weight and

aerodynamiccharacteristics.One of the important aerodynamicco-
ef� cients is the zero-lift drag coef� cient. Because of its signi� cant
impact on the aircraft’s overall size and performance, accurate es-
timation of this coef� cient is important even in the initial stages
of a design. A number of conceptual design methods have been
developed over the years.1¡3 Some of these methods such as the
component drag buildup technique are time consuming and require
that detailed information of the aircraft is known.

A simple method for estimating the zero-lift drag coef� cient is
the equivalentskin-frictioncoef� cient method.1;4 The zero-lift drag
coef� cient is related to the total wetted area of an aircraft by using
an equivalentskin-frictioncoef� cient. It is based on the fact that the
zero-lift drag is mainly skin-frictiondrag plus a pressuredrag part.1

Usually constant values of the equivalent skin-friction coef� cients
for different groups of aircraft are used. It appears that size effects,
in terms of a Reynolds number, have a signi� cant in� uence on the
value of the equivalentskin-frictioncoef� cient.4 This is because the
skin-friction drag is a function of Reynolds number and because a
large part of the zero-lift drag is caused by skin friction.

In this Design Forum paper, a comprehensive equivalent skin-
friction method is presented. The method considers an empiri-
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cal relation between the equivalent skin-friction coef� cient and a
Reynolds number based on a reference length calculated from the
aircraft’s geometry.Data of turboprop, businessjet, and transportjet
aircraft were used for the method. The method can be used through-
out the conceptual design phase as a prediction and veri� cation
tool.

Description of the Method
The zero-lift drag coef� cient is related to the total wetted area of

an aircraft by the following equation1:

CD0 D Cfe.Swet=S/ (1)

The equivalent skin-friction coef� cient Cfe in Eq. (1) varies typi-
cally from 0.0025 to 0.0050 depending on aircraft class, Reynolds
number, and aerodynamiccleanness.Aerodynamic cleanness is de-
� ned here by the amount excrescence drag on an aircraft. Excres-
cencedrag originatesfromseveral sourcessuch as antennas,air data
sensors, and surface imperfections.5¡7

Equivalent skin-friction coef� cients (without the possible com-
pressibility drag part) were collected for a large number of aircraft
of three different groups (turbo prop, business jets, and transport
jets). The data were obtained from Refs. 4 and 8–11 and some un-
published sources. The equivalent skin-friction coef� cients were
related to the Reynolds number generally de� ned by

Re D V `=º (2)

The Reynolds number was determined using the speed and altitude
for which the equivalent skin-friction coef� cient was valid. Differ-
ent kinds of reference lengths ` were examined such as wing span,
wetted area over wing span ratio, mean wing chord, and fuselage
length. A reference length based on the wetted area over wing span
ratio gave the best correlation between Cfe and Reynolds number
and was, therefore, used in the present method. An attempt was
made to derive separate Cfe–Reynolds number relations for each
distinct group of aircraft (turbo prop, business jet, and transport
jet). However, the Cfe–Reynolds number relations for these aircraft
groups did not show a signi� cant difference. The in� uence on Cfe

of the expected differences in the aerodynamic cleanness between
each aircraft group appeared to be less dominant than the in� uence
of the Reynolds number. Furthermore the aerodynamiccleannessof
the different aircraft in each group is not always comparable.There-
fore, a single relation between equivalent skin-friction coef� cient
and Reynolds number was determined for all three aircraft groups
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considered. The following empirical equation was obtained from
linear regression of the data:

Cfe D 0:00258C 0:00102 exp.¡6:28 £ 10¡9 Re/

C 0:00295exp.¡2:01 £ 10¡8 Re/ (3)

with

Re D .Swet=b/V =º (4)

In Fig. 1 the equivalent skin-friction data are compared to Eq. (3).
Also shown are some of the aircraft used for the correlation. The
standard deviation of Eq. (3) is 8.8%. The range of some variables
of the aircraft considered is given in Table 1. When the equivalent
skin-frictioncoef� cient is plotted against the total wetted area of an
aircraft (Fig. 2), it becomes clear that Cfe is strongly in� uenced by
the overall size of the aircraft.

For the aircraft considered, the ratio of the total wetted area and
the wing area varied between 4.4 and 6.5. The average value of this
ratio was 5.6, which can be used as a � rst estimation of the total

Table 1 Range of aircraft variables

Parameter Value

Re (based on Swet=b) £ 106 35–390
Swet, m2 120–3400
Sref, m2 20–580
b, m 10–68

Fig. 1 Equivalent skin-friction coef� cient as function of Reynolds
number.

Fig. 2 In� uence of wetted area on the equivalent skin-friction
coef� cient.

Fig. 3 Comparison between predicted and � ight determined zero-lift
drag coef� cient.

wetted area. A more accurate estimation of the total wetted area of
an aircraft can be obtained by calculating the wetted area of each
exposed part.

Comparison with Component Drag Buildup Technique
The results of Eq. (3) were compared with a component drag

buildup technique presented in Ref. 1. The relations presented
in Ref. 1 are comparable to those used by aircraft manufacturers
(e.g., Refs. 12 and 13) and other published drag buildup methods
(e.g.,Refs.2 and14). For 17aircraft,the zero-liftdragwas calculated
using the drag buildup technique and Eq. (3). The results of both
methods are compared with the experimental zero-lift drag data in
Fig. 3. For the17 examinedaircraft,the dragbuilduptechniquehad a
standard deviation of 5.8%, and the equivalent skin-frictionmethod
presentedhere had a standarddeviationof 8.3%. The lower standard
deviation of the drag buildup technique is normal considering the
level of detail of this method.

Examples
Full-scale drag data of the Fokker F27-Mk 200 turboprop air-

craft are provided in Ref. 9. The calculated wetted area is 370 m2

using the method of Ref. 15. The � ight tests were conducted at
an average Reynolds number of 5.56 £ 106/m. The wing reference
area is 70 m2, the wing span is 29 m, and the reference length is
370=29 D 12.8 m. Hence, the Reynolds number based on the refer-
ence length Swet=b is 71 £ 106 . The zero-liftdrag coef� cient derived
from� ight tests is 0.0235,resultingin an equivalentskin-frictionco-
ef� cient of 0.0235£ 70=370 D 0.00445.Equation (3) gives a Cfe of
0.0039, resulting in a zero-lift drag coef� cient of 0.0206 (¡12.3%).
When the component drag buildup technique of Ref. 1 is used, the
zero-lift drag coef� cient is estimated as 0.0203 (¡13.6%). Both
Eq. (3) and the drag buildup technique underestimate the zero-lift
drag coef� cient. The underestimationcould be due to high excres-
cencedrag levelson theF27-Mk200. In Fig. 4, thepredictedzero-lift
drag coef� cient is presented as function of Reynolds number. The
equivalent skin-friction method shows a somewhat stronger varia-
tion of the zero-lift drag coef� cient with Reynolds number than the
drag buildup technique.

In a second example, the DC9-30 jet transport aircraft is consid-
ered. Drag data from � ight tests are given in Ref. 11. The calculated
wetted area is 610 m2 using the method of Ref. 15. The Reynolds
numberbased on the referencelength Swet=b is 138 £ 106 . The zero-
lift drag coef� cient derived from � ight tests is 0.0206, resulting
in an equivalent skin-friction coef� cient of 0.0031. Equation (3)
gives a Cfe of 0.0032, resulting in a zero-lift drag coef� cient of
0.0210 (C1.9%). When the component drag buildup technique of
Ref. 1 is used, the zero-lift drag coef� cient is estimated as 0.0201
(¡2.4%).
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Fig. 4 Zero-lift drag coef� cient of the F27-Mk 200 as function of
Reynolds number.

Conclusions
A simple method for predicting the zero-lift drag coef� cient of

turbo prop, business jet, and transport jet aircraft is presented. The
method requires only a minimum of input information but does
have a dependency on Reynolds number. The method can be used
throughout the conceptual design phase as a prediction and veri� -
cation tool.
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