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NOTATION AND UNITS

p
Subscripts

D

E
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lift coefficient, (lift) /q_c
pressure coefficient

aerofoil chord
Mach number

excrescence drag magnification factor

kinetic pressure, Y5pu?

Reynolds number based on aerofoil chord and free-stream flow

properties at drag-rise Mach number
static temperature

aerofoil maximum thickness
velocity

streamwise co-ordinate, measured along chord from leading
edge

chordwise location of end of upper-surface pressure plateau
(“roof-top”)

chordwise location of boundary-layer transition
aerofoil angle of incidence
boundary-layer momentum thickness

density of air

denotes value at drag-rise (i.e. design) condition
denotes value at excrescence location

denotes |lower-surface value
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T denotes value at trailing edge
u denotes upper-surface value
1 denotes value at edge of boundary layer
oo denotes free-stream value
2. INTRODUCTION

ThisItem presents the chordwise variation at the drag-rise condition of the excrescence drag magnification
factor, my, over the upper and lower surfaces of aerofoils designed to combine a high drag-rise Mach
number with ahigh lift coefficient for a given thickness/chord ratio. The data can be considered as typical
of aerofoils designed for such a purpose. The aerofoils are members of the families described in Item
No. 71020 (Derivation 1) which gives detail s of geometry and pressure distribution at the design condition.
The corresponding profile drag data are given in Item No. 67011 (Reference 6).

The data for m, were obtained using the computer program for the method for turbulent boundary layers
given in Item No. 91028 (Derivation 3) which is based on a compressible flow form of the Nash and
Bradshaw equation (Derivation 2) with a compatible method for the boundary-layer momentum thickness
development. Section 3 gives a brief résumé of the aerofoil design philosophy, describes the aerofoil
designation system used and lists the aerofoils. Section 4 outlines the basis of the data, which are presented
intwo forms. Detailed normalised local flow propertiestogether with boundary-layer momentum thickness
ratioand my datafor theupper and lower surfacesaregivenintabulated formwhilethe chordwisevariations
of my are also presented graphically. Section 5 discusses anumber of features of the chordwise variations
of m, as affected by the aerofoil design variables. Section 6 gives the Derivation and References and
Section 7 illustrates, by way of an example, atypical use of the data.

3. THE AEROFOIL FAMILIES
3.1 Design Philosophy

The aerofoils for which dataare provided in this Item are members of the families (Derivation 1) designed
to combine a high drag-riss Mach number, My, with a high lift coefficient, C, , for a given
thickness/chord ratio, t/c. The aerofoils are specified primarily by the form of the upper-surface pressure
distribution at the drag-rise condition and the form of the thickness distribution. Of lesser importance are
the values ascribed, firstly, to the Reynolds number, Re based on chord length and free-stream flow
properties at the drag-rise Mach number and, secondly, to the location of boundary-layer transition, X, /c,
on each surface. Therefore, for a specified combination of My and C,  (and, strictly, for given values of
R.and x,, /c) thereisaunique camber lineand incidence, o, , associated with the chosen form of thickness
distribution and t/c.

ESDU Copyright material. For current status contact ESDU.

The particular form of upper-surface pressure distribution chosen to comply with the conditions for ahigh
valueof My inconjunctionwithahigh C, 5 istheflat “roof-top” forminwhich apressure plateau extends
from the immediate vicinity of the leading edge to a given chordwise station xg/c, followed by alinear
risetothetrailing edge. The associated local Mach number over that part of the upper surface encompassed
by theroof topistaken as1.02. The philosophy behind the design, and thedesign processitself, are described
in detail in Item No. 71019 (Reference 8) in the Transonic Aerodynamics Sub-series.
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32 Aerofoil Designation

Any aerofoil corresponding to the general specification described in Section 3.1 is, as noted, primarily
described by the thickness form and the valuesof t/c, xR/c and Mp; the values of RC and xtr/c oneach
surface having a minor influence. The aerofoils are designated by means of identifiers relating to each of
these seven parameters. The aerofoils of Item No. 71020 are based on the RAE 101 to 104 series of
thickness distributions (Reference 4), which have a wedge-shaped trailing-edge and are somewhat similar
in form to the NACA 6A-series (Reference 5). An example of the aerofoil designation system is

102-10-40-75 (7.0, 05, 05)
where the seven identifiers taken in sequence have the following meaning

102 denotes RAE 102 series thickness distribution

10=100t/c (i.e. t/c =0.10)
40 =100 xg/c (i.e. xz/c=0.40)
75=100 M, (i.e Mp =0.75)

7=index of R, expressedtoabaseof 10 (i.e. R.= 107)
05=100 x,,,,/c (i.e. Xy, /c =0.05)
05=100 x,,/c (i.e. X /c =0.05).

For convenience, the bracketed numbers in the designation are omitted because they are invariant
throughout, i.e. the aerofoils were all designed for R.= 107 and X, /¢ = 0.05 on both surfaces.

The aerofails, taken from Item No. 71020, are listed in Table 3.1 together with their design values of
incidence, op» and lift coefficient, Cip: i.e. values at the drag-rise condition.

ESDU Copyright material. For current status contact ESDU.
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TABLE 3.1 Aerofoilstaken from Item No. 71020
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: . . Design Incidence Lift Coefficient
Aerofoil Designation

op (degrees) o)

101-16-30- 60 3.95 0.97

101- 06 - 30 - 65 3.27 0.98

101-10-30- 65 2.98 0.82

101-14-30- 65 2.74 0.65

101-16-30- 65 2.64 0.57

101-06-30- 70 2.23 0.68

101-10-30-70 1.95 0.50

101-14-30-70 1.69 0.31

101-06-30- 75 141 0.43

101-10-30-75 112 0.22

s 101- 06 - 30- 80 0.77 0.21
[m)]

7 102-10-40- 65 3.03 0.92

s 102-14-40- 65 2.85 0.76

I} 102- 16 - 40 - 65 2.78 0.68

S 102- 06 - 40 - 70 2.25 0.76

o 102-10-40-70 2.02 0.58

§ 102- 14-40- 70 1.83 0.40

© 102-16-40-70 1.75 0.30

2 102- 06 - 40- 75 1.45 0.49

S 102-10-40-75 1.21 0.28

Pt 102 - 06 - 40 - 80 0.82 0.25
>

g 103-14-50- 65 2.90 0.87

o 103-16-50- 65 2.86 0.78

= 103-06-50- 70 2.21 0.83

= 103-10-50-70 2.04 0.67

=z 103-14-50- 70 1.93 0.49

e 103-16-50-70 1.88 0.40

- 103-06-50- 75 1.46 0.55

= 103-10-50- 75 1.27 0.35

= 103- 06 - 50 - 80 0.86 0.30
o

3 104-14-60- 65 2.87 0.94

- 104 - 16 - 60 - 65 2.84 0.86

& 104 - 06 - 60 - 70 2.10 0.91

! 104-10- 60 - 70 2.00 0.75

104 - 14-60- 70 1.95 0.56

104 - 16-60- 70 1.91 0.47

104 - 06 - 60 - 75 1.40 0.61

104-10- 60- 75 1.29 0.42

104 - 14-60- 75 1.21 0.20

104 - 06 - 60 - 80 0.85 0.34

104 - 06 - 60 - 85 0.40 0.08
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4, BASIS OF DATA

The datafor the variation of m, acrossthe upper and lower surfaces of the 41 aerofoils listed in Table 3.1
at their drag-rise condition were obtained by means of the computer program for the method of
Item No. 91028 (Derivation 3). The program evaluates the compressible flow form of the Nash and
Bradshaw equation

Dy (Uge)(42-08M2) | \(1-M2)g 02
my = — | 1E = £ (4.1)
Poo \ U Uit 01

o

and assumes that the boundary layer is turbulent from the aerofoil leading edge (x;, /c = 0) with the
momentum thickness ratio, 6/0+, being given by means of the Spence method adapted to compressible
flow and with the required flow parameters being determined from the isentropic flow relationships (see
Derivation 3) for agiven pressure distribution. Therefore, the only input datarequired were the free-stream
Mach number for the drag-rise condition, M_, = M, and the pressure distribution for the relevant surface
taken from Item No. 71020. As noted in Item No. 91028, the values of m determined from Equation (4.1)
are independent of Reynolds number. Further, the method ignores the minor effect of the small extent of
laminar flow over thefirst 5% of the chord taken in the design of the aerofoils. The resulting values of my,
together with the momentum thickness ratio and normalised local flow properties across the upper and
lower surfaces of each aerofoil are presented in tabular formin Tables 8.1 to 8.41. The datafor my are also
presented graphically in Figures 1 to 18 in which, for convenience, the datafor agiven combination of M
and xg/c are collected together in each Figure. The values of m for x/c>0.8 are given as broken lines,
indicating a need for caution in their use, see Section 5.1 of Item No. 91028. As an aid in locating the
relevant Table and Figure for a particular aerofoil Table 4.1 gives an index.

ESDU Copyright material. For current status contact ESDU.
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TABLE 4.1 Index to tabulated and graphical data
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Aerofoil Designation Table No. Figure No.
101- 16-30- 60 8.1 1
101- 06- 30 - 65 8.2 2
101-10-30- 65 8.3 2
101- 14-30- 65 8.4 2
101- 16-30- 65 8.5 2
101- 06-30- 70 8.6 6
101-10-30- 70 8.7 6
101- 14-30- 70 8.8 6
101- 06-30- 75 8.9 10
101-10-30- 75 8.10 10
101- 06-30- 80 8.11 14
= 102 - 10- 40 - 65 8.12 3
a 102 - 14 - 40 - 65 8.13 3
b 102 - 16- 40 - 65 8.14 3
s 102 - 06 - 40 - 70 8.15 7
8 102-10-40- 70 8.16 7
= 102- 14-40- 70 8.17 7
o 102 - 16-40- 70 8.18 7
3 102- 06-40- 75 8.19 11
It 102-10-40- 75 8.20 11
o 102 - 06 - 40 - 80 8.21 15
c
g 103- 14 - 50 - 65 8.22 4
5 103- 16 - 50 - 65 8.23 4
s 103- 06-50- 70 8.24 8
o 103-10-50- 70 8.25 8
= 103- 14-50- 70 8.26 8
= 103- 16- 50 - 70 8.27 8
% 103- 06 - 50 - 75 8.28 12
£ 103-10-50- 75 8.29 12
+ 103- 06 - 50 - 80 8.30 16
.90
S 104 - 14 - 60 - 65 8.31 5
3 104 - 16 - 60 - 65 8.32 5
o 104- 06 - 60 - 70 8.33 9
2 104 - 10- 60 - 70 8.34 9
7] 104 - 14-60- 70 8.35 9
- 104-16-60- 70 8.36 9
104- 06 - 60 - 75 8.37 13
104-10-60- 75 8.38 13
104- 14-60- 75 8.39 13
104 - 06 - 60 - 80 8.40 17
104 - 06 - 60 - 85 8.41 18
6
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5. INFLUENCE OF SYSTEMATIC CHANGESIN PRIMARY DESIGN VARIABLES

51 General

In Item No. 91028 it is noted that the parameter having by far the most significant effect on my is the
local velocity at the excrescence location, mainly due to the magnitude of the index to theterm u,/u_, in
Equation (4.1) compared to that on the momentum thickness ratio term, 0/6+. That being so, it follows
that those design variables having a mgjor effect on local pressure, and hence velocity, will also have a
major effect on my. It also follows from astudy of Equation (4.1) that maximum values of my will occur
inregionsof high local velocity coupled with large values of momentum thickness. From Tables8.1t0 8.41
and Figures 1 to 18 it is seen that, typically, such regions occur at a chordwise location corresponding to
the end of an upper-surface roof-top, and often at the same chordwise location on the lower surface,
depending upon the magnitude of t/c. An excrescence located in such regions would obviously suffer a
higher drag penalty than when located el sewhere.

A study of Figures 1 to 18 reveals a number of features in the chordwise variation of my as affected by
systematic changesin any one of the primary design variables, t/c, xz/c and M, asthe other two are held
constant.

52 Variation of t/c

The design specification for the upper-surface pressure distribution means that it depends mainly on the
two parameters M and xg/c. Consequently, Figures 1 to 18 show that the variation of m, for the upper
surface of the aerofoils with given values of My and xz/cisvery largely the same for wide variations of
t/c. Theminor variation with t/c is mainly dictated by the trailing-edge pressure variation with t/c.

In contrast, the Figures al so show that the lower-surface chordwise variation of my for fixed val ues of Mp

and xg/c is very heavily dependent on t/c, with a pronounced increase in my, especialy in the region
around x = Xg, as t/c increases. This tendency is a direct reflection of the tendency of the loading to
concentrate more over the forward and rearward parts of the aerofoil as t/c increases with, typically, an
associated change in the camber line shape from convex (wholly positive camber) at low t/c to an S-shape
(negative camber forward, positive rearward) at high t/c, asdiscussed in Item No. 71020. These changes
also result in areduction of Cpas t/cincreases, as can be seen from Table 3.1 for given values of Mp

and xg/c.

ESDU Copyright material. For current status contact ESDU.

Sketch 5.1 illustrates the trends with variation of t/c taking Xz/c = 0.4 and M = 0.70 astypical.
53 Variation of xg/c

If xg/cisvaried, with My and t/c fixed, then the variation of my over the upper surface up to x = Xy is
virtually independent of Xz /c as can be seen from Figures2t0 5, 6t0 9, 10to 13 or 14 to 17. Thisis a
direct reflection of the constant pressure over the roof-top being dependent only on M, . Over the upper
surface, for x>Xg, my decreases approximately linearly to the trailing edge, at which point it is
substantially independent of Xxg/c. For the lower surface with fixed values of My and t/c, as xg/c is
increased the same groups of Figures show that up to X = xp the values of m, decrease, reflecting the
corresponding trends in pressure distribution discussed in Item No. 71020. For x> xg the trends in my
with x/c are very similar to those for the upper surface, but less linear, especialy for the larger values of
Xg/cand t/c.

Sketch 5.2 illustrates the trends with variation of xg/c taking My =0.70 and t/c = 0.10 as typical.
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54 Variation of Mp

The effects of varying M for fixed values of xg/c and t/c are very similar for any combination of those
two parameters. A typical exampleis given for xg/c = 0.4 and t/c=0.10in Figures 3, 7 and 11 for M

varying from 0.65 to 0.75, the data for which are reproduced in Sketch 5.3. That sketch shows that, for a
givenvaueof x/c thevariation of m, on either surfaceisroughly linear with My , with the upper-surface
values decreasing with increase in My and the lower-surface values increasing with increase in M, . For
agiven combination of xp/c and t/c the trailing-edge values of m, are only weakly dependent on M .

ESDU Copyright material. For current status contact ESDU.
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6. DERIVATION AND REFERENCES
6.1 Derivation

The Derivation lists selected sources of information that have assisted in the preparation of this Item.

1 ESDU Aerofoils having a specified form of upper-surface pressure
distribution: Details and comments on design.
ESDU International, Item No. 71020, 1971.

2. PATEL, B. Calculation of excrescence drag magnification using the Nash and
LOCK, R.C. Bradshaw formula adapted to compressible flow and a modified BVGK

computer program (U).
ESDU International, Memor. No. 63, 1987 (with Amendment A, 1989).

3. ESDU Simplified method for the prediction of aerofoil excrescence drag
magnification factor for turbulent boundary layers at subcritical Mach
numbers.

ESDU International, Item No. 91028, 1991.

6.2 References

The References list sources of information supplementary to that given in this Item.

4. PANKHURST, R.C. Calculated pressure distributions for the RAE 100 — 104 aerofail
SQUIRE, H.B. sections.
ARC CP 80, 1952.
5. ABBOTT, I.H. Theory of Wing Sections.

VON DOENHOFF, A.E. Dover Publications, New York, 1959.

6. ESDU Profile drag at the drag-rise condition of aerofoils having a specified
form of upper-surface pressure distribution at this condition.
ESDU International, Item No. 67011, 1967.

7. ESDU The compressible two-dimensional turbulent boundary layer, both with
and without heat transfer on a smooth flat plate, with application to
wedges, cylinders and cones.

ESDU International, Item No. 68020, 1968.
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8. ESDU Drag-rise Mach number of aerofoils having a specified form of upper-
surface pressure distribution: Charts and comments on design.
ESDU International, Item No. 71019, 1971.

9. ESDU Drag due to grooves in a flat plate with a turbulent boundary layer, at
subsonic and supersonic speeds.
ESDU International, Item No. 75028, 1975.

10. ESDU An introduction to aircraft excrescence drag.
ESDU International, Item No. 90029, 1990.
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7. EXAMPLE

In an assessment of excrescence drag in the cruise condition of an aircraft with a high aspect ratio wing
of modest sweep, the relative penalties due to the narrow lateral grooves formed by the gaps between
adjacent skin panels on the wing upper surface is required. The wing mid-semi-span region may be
assumed to be subject to quasi-two-dimensiona chordwise flow, to which the present Item is applicable.
The wing skin joints of interest in that region are at 0.15c¢, 0.40c and 0.80c. The boundary layer may be
assumed to be wholly turbulent at a Reynolds number R, = 107 and the depth of the grooves, h, isdefined
by h/c=5x 1074, The wing section correspondsto aerof0|l 102 —10—-40-75, whilst the cruise condition
corresponds to this aerofoil operating at its drag-rise condition, for which M_, = My = 0.75.

Item No. 75028 (Reference 9) is used to obtain the values of Cy, , the drag coefficient increment dueto a
groove in uniform flow. The parameter CDfp is based on groove width, w (which is assumed to be
independent of location) and the local kinetic pressure, g, , at the edge of the boundary layer at the
groove location, x/c, in the absence of the groove.

In order to use Item No. 75028, it is necessary to know R, , the Reynolds number based on groove depth

and local flow conditions at the edge of the boundary layer, in the absence of the groove. If it can be
assumed, asin Appendix A of Item No. 75028, that

where u isthe dynamic viscosity, then the kinematic viscosity, v, isgiven by

v=HTl8 (7.2
p

Therefore, since

ESDU Copyright material. For current status contact ESDU.

u_c
RC = ;—— , (73)
then
u \Y
haRCXDX—J;EX—SO—, (7.4)
C U, Vi
which, with the use of Equation (7.2), becomes
-1.8
_ h Ye (T
R, = chcx UWX(TW : (7.5)

Thevaluesof u;c/u,, and T,/T_,, together with M, /M_, and hence M, (required later) at the > groove
locations are obtainable to saii sfactory accuracy, for the preﬁent purpose, from linear interpolations” within
the datain Table 8.20(a). They are given in Table 7.1.

" Theprogram for the method of Item No. 91028 can provide cal cul ations corresponding to interpol ations based on the inbuilt curve-fitting
procedure.

Documents
11 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 91029 1991


http://www.avadocuments.com/doc/esdu-91029-1991
http://www.avadocuments.com/doc/esdu-91029-1991

ESDU 91029

TABLE 7.1
Xglc Us /U, Tie/T, | Mig/M, | Mg
0.15 131 0.92 1.36 1.02
0.40 1.29 0.92 1.34 1.01
0.80 1.04 0.99 1.05 0.79

Use of Equation (7.5) with R,= 107 , h/c = 5 x 10~* and the values of u;g/u, and T,/T.., given in
Table 7.1, givesthevaluesof R, in Table 7.2.

TABLE 7.2
xE/c Rh

0.15 7.61 x 103
0.40 7.49 x 103
0.80 5.29 x 103

ESDU Copyright material. For current status contact ESDU.

TABLE 7.3

x/c (= xg/c) R C
0.15 2.3x 108 0.00287
0.40 6.0 x 10° 0.00248
0.80 8.5x 106 0.00240

The values of G, the local skin friction coefficient at the groove location, in the absence of the groove,
are also required for use in Item No. 75028. In the absence of calculated values for the aerofail, the use
of Item No. 68020 (Reference 7) for flat plates is an acceptable approximation. The values of R, the
Reynolds number based on x and local conditions at the edge of the boundary layer, in the absence of the
groove, are obtained from Equation (7.5) with x/c substituted for h/c, giving the values shown in Table 7.3,
which, with the corresponding values of M, from Table 7.1, give the vaues of C; obtained from Item
No. 68020, also shown in Table 7.3.

Then use of Item No. 75028 for grooves normal to the flow (or swept |ess than 30°) with the values of M,
from Table 7.1, Ry, from Table 7.2 and G from Table 7.3, gives the values of CDfp in Table 7.4.
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Use is made of Equation (3.1) in Item No. 90029 (Reference 10), which for an aerofoil means that the
excrescence reference area A 4 is replaced by w and the wing reference area S 4 is replaced by ¢ and the
factor K = 1 (if the geometry and orientation of the grooves in the present example are taken as identical
to those for which data are given in Item No. 75028). Thus,

_ w

where Cp, is the drag coefficient increment due to a groove, based on agrofoil chord, ¢, and free-stream
kinetic pressure, q__ .

The drag penalties due to the skin grooves, for a given (fixed) value of w/c, are therefore proportional to
the product Cpy¢, x my.

Figure 11, with M = 0.75, Xg/c = 0.40 and t/c = 0.10 gives, for the upper surface, the values of m, shown
in Table 7.5, together with the values of C/(w/c) from Equation (7.6) obtained using the CDfp valuesfrom

Table 7.4.
TABLE 7.5
Xglc my Cp/(wic) = CDfp my
0.15 1.86 0.0184
0.40 212 0.0176
0.80 117 0.0084

From Table 7.5 it can be seen that, for grooves of the same width at the locations considered, those within
the roof-top, i.e. Xg/c<0.40, have the most serious implicationsin terms of drag penalty, with more than
twice the drag of that at 0.8c.

ESDU Copyright material. For current status contact ESDU.
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8. TABLES

AEROFOIL : 101 - 16 - 30 - 60

ALPHAD = 3.95
CLD = 0.97
MD = 0.60

(a) UPPER SURFACE

xE/c CpE
)
= 00006  1.0000
L 00961 -1.3620
S 03806 -1.3620
= 08427 -1.3620
S 14640 -1.3620
It 22220 -1.3620
= 30870 -1.3320
& 40250 -1.1550
it 50000 -.9410
= 59760 -.7260
= 69130 -.5200
o 77780  -.3300
= 85360 -.1630
w 91570  -.0260
= 96190 0750
= 99040 1380
;g 1.00000 .1580
£
)
@ (b) LOWER SURFACE
3
O
O xE/c CpE
)
= .00000  1.0000
= .00861  1.0460
.03806 .4970
.08427 .1550
.14640  -.0350
.22220 -.1220
.30870 -.1520
.40250 -.0280
.50000 .0760
.58750 .1670
.69130 .2310
.77780 .2740
.85360 .2890
.91570 .3060
.96190 .2010
.99040 .1660
1.00000 .1590

e e e b

M1E

M1E/Minf ulE/uinf T1E/Tinf

L

e Tl T B S Y™ S SN NN

TABLE 8.1
2809  1.0663
6037  .8868
6037  .8868
6037  .8868
6037  .8868
6037  .8868
5911 .8897
5166  .9064
4260  .9256
3338 .9439
2435 9607
1577 .9755
0796  .9881
0129 .9981
.9620  1.0054
.9293  1.0098
9183  1.0113

M1E/Minf ulE/uvinf T1E/Tinf

e e

e )

e e e e
o
N
o
w

RHO1E/
RHOinf

1.1741
.7406
. 7406
.7406
.7406
. 7406
.7467
.7822
.8242
.8656
.9045
.9399
.9705
.9953

1.0135

1.0247

1.0285

RHO1E/
RHOinf

b b b b b b e ped
[=4
o
S
[4,)

THETAE/

THETAT

THETAE/

THETAT

- et b b e
« e e e e e a

o = RNNWWE REWWWN

md

md

* Values of my are of increasingly doubtful vaidity for excrescence locations aft of x:/c = 0.8 (see Section 5.1 of Item No. 91028).

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 91029 1991

14

Licensee=/, User=,

Not for Resale,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-91029-1991
http://www.avadocuments.com/doc/esdu-91029-1991

ESDU 91029

AEROFOIL : 10t - 06 - 30 - 65

ALPHAD = 3.27
CLD = 0.98
MD = 0.65

(a) UPPER SURFACE

00961 -1.0680
03806 -1.0680
08427 -1.0680
14640 -1.0680
22220 -1.0680
30870 -1.0380
40250 -.8120
60000 -.7500
59750 -.5880
69130 -.4330
77780  -.2890
85360 -.1630
91570  -.0600
96190 0170
99040 0640

1.00000 .0800

(b) LOWER SURFACE

.00000 1.0000

ESDU Copyright material. For current status contact ESDU.

.00961 .8130
.03806 .5240
.08427 .4170
. 14640 .3630
.22220 .3340
.30870 .3110
.40250 .3140
.50000 .3060
.58750 .2850
.69130 .2760
.77780 .2480
.85360 .2080
.91570 L1710
.96190 .1390
.89040 .0980
1.00000 .0800

e e e

M1E

TABLE 8.2

RHO1E/

M1E/Minf ulE/uinf T1E/Tinf RHOinf

e e e e b e ped e R e e
>
o
o
[

S S S S N

1.0768
.8972
.8972
.8972
.8972
.8972
.9005
.9141
.9309
.9469
.9616
.9748
.9860
.9949

1.0014

1.0054

1.0067

M1E/Minf ulE/uinf T1E/Tinf

[ I S N e e
o
~N
[34]
—

1.0168

RHO1E/
RHOinf

L I T T I e
[=3
o
W
(-]

THETAE/

T

THETAE/

T

- e

HETAT

HETAT

e = NN NWWN NN

md

md

* Values of my are of increasingly doubtful validity for excrescence locations aft of x/c = 0.8 (see Section 5.1 of Item No. 91028).
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AEROFOIL : 101 - 10 - 30 - 65

ALPHAD = 2.98
CLD = 0.82
MD = 0.65

(a) UPPER SURFACE

5 00961 -1.0680
a 03806 -1.0680
i 08427 -1.0680
= 14640 -1.0680
s 22220 -1.0680
S 30870 -1.0380
O 40250 -.9050
g 50000 -.7340
o 59750 -.5640
7 69130 -.4010
c 77780  -.2500
o 85360 -.1180
3 91570  -.0080
= 96190 0710
2 99040 1210
. 1.00000 .1380
.©
—
g
g (b) LOWER SURFACE
-
<
2 xE/c CpE
2
63 .00000 1.0000
S .00961 .8710
a .03806 .3800
ek .08427  .1930
.14640 .1030
,22220 .0620
.30870 .0410
.40250 .0870
.50000 .1380
.59750 .1730
.69130 .1940
77780 .1990
.85360 .1860
.91570 .1790
.96180 .1640
.98040 . 1450
1.00000 .1380

s e e e e
s e e e e e .

M1E

TABLE 8.3

RHO1E/

M1E/Minf ulE/uinf T1E/Tinf RHOinf

T N e I e
'S
[+~]
-
s

[ . T I T ]

1.0768
.8972
.8972
.8972
.8972
.8972
.8005
.9148
.8325
.9492
.9646
.9783
.9899
.9992

1.0060

1.0101

1.0115

M1E/Minf ulE/uinf T1E/Tinf

O e e N
[~
—
b
[4,]

1.2033
.7625
.7625
.7625
.7625
.7625
.7696
.8005
.8396
.8778
.9138
.9466
.9749
.9981

1.0150

1.0254

1.0280

RHO1E/
RHOinf

P T S T T - T T
o
[d
©w
(=]

THETAE/

THETAT

THETAE/

THETAT

Lol

et e e NP NWWNNN
« e s e s 2 & s e e e e e

* Values of my are of increasingly doubtful validity for excrescence locations aft of x/c = 0.8 (see Section 5.1 of Item No. 91028).
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TABLE 84
AEROFOIL : 101 - 14 - 30 - 65
ALPHAD = 2.74
CLD = 0.65
MD = 0.65
(a) UPPER SURFACE

RHOL1E/ THETAE/

xE/c CpE MiE  M1E/Minf ulE/uinf T1E/Tinf RHOinf THETAT md
.00000 1.0000 .1887  .2002  .3012 1.0768 1.2033  .0000  .0000
5 00061 -1.0680 1.0216 1.5717 1.4887  .8872  .7625  .0025 1.5925
A 03806 -1.0680 1.0216 1.5717 1.4887  .8972  .7625 .0162 2.3182
7 08427 -1.0680 1.0216 1.5717 1.4887  .8972  .7625 .0341 2.6032
= 14640 -1.0680 1.0216 1.5717 1.4887  .8972  .7625 .0656 2.9689
s 22220 -1.0680 1.0216 1.5717 1.4887  .8972  .7625 .0798 3.1821
S 30870 -1.0380 1.0107 1.5549 1.4755  .9005  .7696 .1083 3.2756
o 40250 -.8980 .9604 1.4776 1.4139  .9156  .8021 .1517 2.9610
£ 50000 -.7210 .8984  1.3821 1.3356  .9338  .8426  .2096 2.5227
® 59750 -.5440 .8374 1.2883 1.2564  .9511  .8822 .2817 2.1026
I 69130 -.3740 .7792 1.1988 1.1789  .9671  .9197  .3708 1.7280
€ 77780 -.2170  .7254 1.1160 1.1055  .9812  .9537  .4783 1.4115
g 85360 -.0800 .6780 1.0431 1.0396  .9832  .9830  .6054 1.1602°
§ .91570  .0330 .6383  .9821  .0834 1.0028 1.0070 .7421  .9707*
i .96190  .1160 .6087  .9364  .0410 1.0097 1.0244 .8698  .8418*
2 99040 1680  .5898 9074 9137 1.0140 1.0352 .9655  .7655%
. 1.00000  .1850 .5836  .8979  .9047 1.0153 1.0388 1.0000 .7413*
E
8
£ (b) LOWER SURFACE
=
< RHO1E/ THETAE/
2 xE/c CpE MIE  MI1E/Minf ulE/uinf T1E/Tinf RHOinf THETAT md
e
S .00000 1.0000 .1887  .2002  .3012 1.0768 1.2033  .0000  .0000
- .00961  .9450 .2320  .3568  .3686 1.0730 1.1925 .0116  .0089
) .03806  .3210 .5327  .8196  .8303 1.0263 1.0669 .0200 .2415
ek .08427 -.0100 .6535 1.0054  1.0050 9992 9979  .0509 .6188
.14640 -.1830 .7137 1.0980 1.0883 9842  .8610 .0911  .9555
.22220 -.2610 .7406 1.1393  1.1263 9773  .9442  .1420 1.1910
.30870 -.2850 .7488 1.1518 1.1375 9752  .9380  .2025 1.3298
.40250 -.1500 .7023 1.0805 1.0735 9871  .9681 .3174 1.1576
.50000 -.0400 .6641 1.0216 1.0199 9966 9915  .4457 1.0120
.59750  .0550 .6306  .9700  .9723 1.0046 1.0116 .5886  .8859
.69130  .1210 .6069  .9337  .9384 1.0101 1.0254 .7226  .8024
.77780  .1640 .5913  .9087  .9158 1.0136 1.0344 .8368  .7507
.85360  .1780 .5862  .9018  .8084 1.0148 1.0373  .8047  .7385¢
.91670  .2030 .5770  .8877  .8951 1.0168 1.0425 .9870  .7089*
.96190  .1900 .5818  .8950  .8021 1.0157 1.0398  .9880  .7310%
.99040  .1860 .5832  .8073  .8042 1.0154 1.0380 .9965  .7391¢
1.00000  .1850 .5836  .8979  .9047 1.0153 1.0388 1.0000 .7413*

* Values of my are of increasingly doubtful validity for excrescence locations aft of x/c = 0.8 (see Section 5.1 of Item No. 91028).
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AEROFOIL : 101 - 16 - 30 - 65

ALPHAD = 2.64
CLD = 0.57
MD = 0.65

(8) UPPER SURFACE

8 03806 -1.0680
7 08427 -1.0680
= 14640 -1.0680
I 22220 -1.0680
< 30870 -1.0380
o 40250 -.8950
= 50000 -.7150
= 59750  -.5350
7 69130 -.3620
= 77780  -.2030
= 85360 -.0630
5 91570 0520
o 96190 1370
2 99040 1890
. 1.00000 .2070
i)
—
Q
© (b) LOWER SURFACE
S
o+
i
= xE/c CpE
2
S .00000  1.0000
= .00961 .9740
a .03806 .3200
i .08427  -.0930
.14640 -.3320
22220  -.4440
.30870 -.4740
.40250 -.2850
.50000 -.1310

.58750 -.0020
.69130 .0890

.77780 .1510
.85360 .1790
.91570 .2170
.96190 .2000
.98040 .2040
1.00000 .2070

— e R b b b
e e e e e e

M1E

TABLE 85

RHO1E/

M1E/Minf ulE/uinf T1E/Tinf RHOinf

. e e e b e e e e e

— e b b e e e

1.0768
.8972
.8972
.8972
.8972
.8972
.8005
.9159
.9344
.9520
.9682
.9825
.9946
.0044
.0114
.0157
.0171

—_

M1E/Minf ulE/uinf T1E/Tinf

T e

— e b b e

— b b b b b b
o
-
~
©

1.0434

RHO1E/
RHOinf

el T o N S
o
rY
o
-~

THETAE/
THETAT

THETAE/
THETAT

- e NN WW NN -
e = = s s e e e s & s e »

- e

md

* Values of my are of increasingly doubtful validity for excrescence locations aft of x/c = 0.8 (see Section 5.1 of Item No. 91028).
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