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Polynomial approximations of velocity profiles are widely used in integral
boundary layer methods because they allow closed-form evaluation of the boundary
layer parameters. However, the accuracy of such methods depends strongly on the
assumed velocity profile in the boundary layer. Therefore, the purpose of this work
is to construct a polynomial profile that reduces the discrepancy with the Blasius
reference solution. We consider steady two-dimensional incompressible laminar
flow over a flat plate with zero pressure gradient. Velocity distribution in general
case is given as [1]
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The flow parameters are given below:
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Following the classical Pohlhausen [2] polynomial approach, we approximate
the dimensionless velocity profile by a fifth-degree polynomial.
gt =an+bn’ +en’ +dn* +en’ 3)
With boundary conditions
gh=1  g'MHh=0, gO=0, g"0)=0, g'H=0 &
By expressing the remaining coefficients in terms of a and applying the
boundary conditions, the polynomial can be written as:
g(n.a) =—a(=1+n)*n(1+3n) +7° (10~ 157 +617%) ()
The optimization functional is defined as follows:
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Here, 5;;, is the displacement thickness, Gopt is the momentum thickness,

Hp is the Blasius shape factor, g(1,a) is the considered velocity profile f(77) is

the normalized Blasius profile, and A is the weighting coefficient for the shape-
factor constraint. Minimization for A=1 and Hp = 2.59 gives a=1.86. Rounding to

hundredths, optimized profile becomes:
2(7)=1.86n-1.177° +0.10n* + 0.415° (7)

The optimized profile is compared with the classical Pohlhausen [2] profile.
The average relative errors over the interval (0,L) for the Pohlhausen and optimized
polynomial profiles are shown below (L=0.5).

Table 1. Comparison of the Pohlhausen and optimized polynomial profiles.

Profile 55" % | 90,% | 6C.% H SH,%
Pohlhausen 3.24 1.75 322 2.55 1.45
Optimized 0.98 1.32 0.95 2.60 0.33
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Figure 1 — Comparison of velocity profiles in dimensionless coordinates.
Thus, the proposed polynomial boundary-layer velocity profile reduces the
relative errors of the main integral boundary-layer parameters compared with the

Pohlhausen approximation.
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OIITUMI3OBAHE ITOJITHOMIAJIBHE HABJINKEHHS ITPO®LIIO
MBUAKOCTI BJIA3IYCA B JAMIHAPHOMY IOTPAHUYHOMY
IIAPI HA TIJIOCKIA TIJTACTAHI

Ioninomianeni  anpoxcumayii  npo@hinié  wWeUOKOCMI WUPOKO BUKOPUCHIOBYIOMbCS 8
IHMeSPanbHUX Memooax NOZPAHUYHO20 APy, OCKINbKU GOHU O00380NAI0Mb OYIHIOBAMU
TMOBUWJUHY 3MIUWEHHS, MOBSUUHY IMIYTILCY MA OOMUYHE HANPYICEHHS HA CMIHYT 6 3AMKHYMIll
@opmi. Oonax mounicms MaxKux Memoois CUIbHO 3anedcums 6i0 hepedbauysanozo
npoghinio weuokocmi 6 nozpanuunomy wapi. Tomy memoro yici pobomu € nobdyoosa
NoAIHOMIANbHO20 NPOQInio, AKULL 3MeHWYE po30idcHicmb 3 emanonnum piwennam Brasiyca.
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