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Figure 4. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = 0.1.
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Figure 6. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = O.3.
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Figure 8. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = 0.5.
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Figure 9. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = -0.02.
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Figure 10. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = -0.041
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Figure 11. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = -0.08.
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Figure 12. Gortler vortices stability diagram, Falkner-Skan boundary layer with g, = -0.08.
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Since U, = U (x) for boundary layers with pressure gradient, unlike in the Blasius boundary layer, A varies downstream
even for walls with constant curvature k and constant spanwise wavelength A. Following a line of constant A corresponds to the

following variations of Go, f and A from a given starting position indicated by the subscript i, according to the following relations

(Egs. 16 to 18).
(1-m) /2
()

Go ( B > (3+m)/[2(1—m)]

Go; — \Bi

2m/(1—m)
A (ﬁ) 9
A Bi

Two criteria were adopted to identify the fastest growing mode. One based on the spanwise wavenumber f3 that has the largest

(17)

growth rate at Go = 7. The other one based on the largest amplification marching downstream from Go = 7 to Go = 14 along a

path of constant spanwise wavelength A. The amplification is computed according to Eq. 19.

T

A
lnA—O:/a dx (19)

zo

The values for the fastest growing nondimensional wavenumber A depends on the choice for the downstream extent
considered (in this case, 7 < Go < 14), because a line of constant A does no follow exactly the line of minimum Go for a given
constant growth rate curve.

Figures 3 to 12 also show two values of A, one at the starting point Go = 7 and one for the last streamwise position at Go = 14,
along the path of constant . For the Blasius boundary layer A is constant according to Eq. 15.

The stability diagrams for favorable pressure gradients are presented in Figs. 4 to 8. The lines of constant growth rate « are
displaced upward as the acceleration parameter f is increased. The value of A for the fastest growing mode decreases as 5, increases,
according to the criterion based on the amplification from Go =7 to Go = 14. This result is shown in Table 1. The criterion based
on the highest growth rate at Go = 7 shows that A, levels off after 8, = 0.4, increasing slowly afterward.

The opposite trend is observed for the adverse pressure gradient stability diagrams as shown if Figs. 9 to 12. Lines of constant
growth rate o are displaced downward, indicating that higher amplification rates are reached earlier, at a lower Go. The fastest
growing mode A increases continuously as summarized in Table 1.

Figures 13 and 14 show the variations the non-dimensional spanwise wavelength A and the amplification rate « along the path
of the fastest growing modes for different values of the Falkner-Skan acceleration parameter f8 , including the values of the Blasius
boundary layer. They complement and summarize the conclusions taken from the stability diagrams regarding the values of A
and stability characteristics for different pressure gradient conditions. The growth rates increase continuously as the Falkner-Skan
parameter goes from = 0.8 to f = 0.8

These results confirm previous results on the effect of pressure gradient on the stability of Gortler vortices, but cover a larger
range of parameters. The non-dimensional spanwise wavenumber A of the Blasius boundary layer associated with the fastest growing
mode, reported in a range around A, =210, is often used as a reference for different studies. The present results show that A

varies considerably with pressure gradient. The values of A for different values of the acceleration parameter 8, are reported.
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Table 1. Fastest growing mode spanwise wavenumber parameter A for different Falkner-Skan acceleration parameter 8.
Second and third columns integrated amplitude criterion. Forth column, maximum growth rate at Go = 7 criterion.

adverse dp/dx favorable dp/dx

0.0 212 212 185 0.0 212 212 185
-0.01 216 214 187 0.1 183 200 172
-0.02 220 216 188 0.2 165 197 166
-0.03 225 219 191 0.3 152 196 163
-0.04 230 221 194 0.4 141 197 161
-0.05 236 225 197 0.5 133 199 161
-0.06 243 229 200 0.6 127 202 161
-0.07 251 235 205 0.7 121 206 161
-0.08 260 241 211 0.8 116 210 162
-0.09 275 253 220 0.9 112 212 164
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Figure 13. Variation of A along the path corresponding to the fastest growing wavelength.
Favorable and adverse pressure gradients.
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Figure 14. Variation of the growth rate « along the path corresponding to the fastest growing wavelength.
Favorable and adverse pressure gradients.
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CONCLUSIONS

The present work presents further information on the effect of pressure gradient on the development of Gortler vortices in
boundary layers over concave surfaces. The study was conducted based on the linear stability theory, which is valid for Gortler
numbers above 7. Stability diagrams for values of the Falkner-Skan similarity solution acceleration parameter 8, ranging from
favorable to adverse pressure gradients were compared to the stability diagram of the Blasius boundary layer. The results show
the destabilizing effect of adverse pressure gradient and the stabilizing effect of favorable pressure gradient, as already reported
in the literature. The constant growth rate curves are displaced upward or downward on the stability diagram depending on
the pressure gradient, such that higher growth rates are encountered latter downstream or earlier upstream, respectively. The
growth rates along the path in the streamwise direction are shown to increase with decreasing favorable pressure gradient or
increasing adverse pressure gradient. The main focus of this work was on the determination of the fastest growing modes spanwise
nondimensional wavenumber parameter A . A range of Falkner-Skan acceleration parameters was investigated and the values
of A wereidentified. The effect of pressure gradient on the development of Gértler vortices reported in previous investigations
can be further understood when the relation between the reported wavelength on those works and the fastest growing mode for

the given acceleration parameter is considered.
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