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Summary. A mathematical model for the calculation of turbulent boundary layers and wall stream has
been developed. The results of calculations are compared with the results of other authors on the compliance of
the calculated values with the experimental data. The currents that are formed under the influence of positive
pressure gradients and lead to the phenomenon of separation of the turbulent boundary layer are studied.
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Statement of the problem. Mathematical simulation of complex turbulent near-wall
flows resulting from the application of machines and transportation means, which use wings as
propulsion or supporting and controlling members, is not possible without understanding the
nature of the flow development within the boundary layer (BL). Boundary near-wall streams is
one of the effective means to control BL that are widely used in aero-hydrodynamics.

Evaluation of known research findings. From a mathematical point of view the
calculation of such flows poses a serious issue even nowadays [1-10], as in practical tasks they
are considered to be turbulent, and the characteristics of turbulence are largely dependent on
the geometry wall stream of nonmonotonic longitudinal averaged speed profile. In addition, the
real streamlined surface has certain characteristics (curvature, roughness, etc.) and, interacting
with the flow, influences on the formation of the near-wall stream flow.

Objective. is to develop mathematical model for computation of the turbulent boundary
layers and near-wall streams; to compare calculation findings with the results of other authors
as for correspondence of calculation values with experimental data; to study the flows being
formed under the influence of adverse pressure distribution and lead to the occurrence of
turbulent boundary layer separation.

Statement of the task. Mathematical simulation of types of flows being studied. BL is
one of the most common types of viscous fluid flow and differential equations system in partial
derivatives, which describes it as well as near-wall stream is as follows:
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where u, v — velocity projections on axis Ox and Oy correspondingly.

The calculation method of equations systems (1), which relies on difference scheme with
enhanced stabilizing properties, is described in the work [2]. It provides the adaptation of this
method to aforementioned models.

To describe the coefficient of turbulent viscosity y, at the first stage for each segment
we applied the correlation of works [1-5]:
for initial segment:
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where k, x, x., x, — model coefficients; 5 — thickness of the near-wall layer or stream;
| —v — dynamic speed; | — stirring path length; p — density; u, — velocity value at the outer
margin of BL (stream); 7 — normalized friction stress within the vicinity of the wall
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D, = ik — K. Fedyayevki’s form parameter; p —pressure; z,, —friction induced shear stress
7, dx
. y. Ty ; . Yo
value on the wall, 77:3’ v,= [% — dynamic velocity; y'= ;
p H

y=+1-n — function of intermittency factor; y. , y. — empirical constant models;
0

.+ 0., —thicknesses of flow and tracing areas respectively.
For k the following formula was applied:

k =0,4+0,182275(1—exp(-0,32068®,)).

Coefficients y, y,, were taken from [1-5].

Analysis of numerical findings. The calculations proved the consistency for applying
modifications connected with the use of modified cubic spline-function for setting initial and
boundary conditions on the outer margin of turbulent BL, in particular, they were successfully
applied for the interpolation of tabular function, which streamlines the aircraft wing profile.
Spline-functions interpolates the experimental velocity profile with high accuracy in a reliable
point. Other interpolations demand «merging» of certain polynominals at certain areas, which
in its turn, needs «matchingy of their parameters. [1], [3].

Calculation findings of experiments proved that correlations (2) and [1] can be applied
only for certain, mostly moxxHa BUKOpPHCTOBYBAaTH TUIBKH JJIsl TIEBHUX, B OCHOBHOMY NON
gradient BL, whereas the calculations provided can be used for simulation near-wall stream.
The most important is the study of streams being formed under significant adverse pressure
gradients leading to occurrence of so undesirable in practice phenomenon known as separation
of BL. Therefore to apply model (2—3) on needs to conduct additional research and clarify some
of the dependencies of model coefficients on stream characteristics, which take into account
pressure gradient. For these purposes, modifications were made not only of the coefficients of
the model (2-3), but also of its structure. Numerical experiments allowed in the case of
calculating the characteristics of gradient flows, in the first approximation to apply the
following formulas:
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Calculations were compared with known experimental material [6] and [10] and they
provided promising results, that is proved the practicability to continue numerical experiments
in order to clarify formulas (4), which gives the chance to avoid coefficients y, and y, and (5).

For this purpose numerical experiments were performed by formula (2) as well, which makes
it possible at this stage to suggest formula (5) for k , where the first numerical summand was
substituted by 0,4 and formula (4), and | was taken from (2). Thus, calculation findings were

somewhat improved. Similar experiments are conducted according to formula (2), where th
was substituted by arctan but, accordingly with another model coefficientsk, y, 7., x,.

Calculation findings were compared with the results of other authors and showed more accurate
adequacy of computed values with experimental information.

Research findings. The illustration provided below contains the comparison of
— initial

X=Xg

computed distribution of velocities T(y) (U:i, X:E, 7:%, u=u(y)
u

H

conditions, L — characteristic size of streamlined surface) with experimental velocity profiles
in different cross-sections alongside the development of flow. The equation has advantage over

) 5
the comparison of characteristics of 5*=J (1_uljdy, 5**:[1(1_&}13, — displacement
u
0

H 0 u H
thickness and momentum loss respectively, which at each stage were found by applying Weddle
formula, and which made it possible to trace the reproduction nature by computational method
of velocity profile deformation. Computation of flow was done using own simulation model.
The comparison demonstrates almost exact reproduction of deformation tendencies for

velocity profiles along the coordinate X .
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Figure 1. Velocity distribution U = f (y) in the trace after the profile NASA 0012, which is immersed into

turbulent boundary layer of the smooth surface in longitudinal sections X = Const : lines — computations;
circles — experimental data [6]
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Fig. 1 shows the comparison of numerical calculations with experimental data of
research [6] — trace interaction with boundary layer: trace — is the result of merging the boundary
layers formed in the upper and lower surfaces of symmetrical profile NASA 0012 (chord length
100 mm, d — gap height between the streamlined surface and profile), attached at zero angle
of attack.

Satisfactory fit of computational and experimental velocity distribution is achieved for
comparisons shown on Fig 1.

Conclusions. The comparison of computational results with experimental data
demonstrate that suggested approaches give way to simulate flows according to their physical
properties. Developed mathematical model for calculation of turbulent boundary layers and
wall jets/streams provides a possibility to compute such sophisticated and practically valuable
type of flow as trace after aerodynamic body located within the boundary layer of the smooth
surface, which opens prospective for further generalizations of suggested approaches to be
applied to more sophisticated types of flows.
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10 PO3PAXYHKY JESKUX TYPBYJEHTHUX IPUCTIHHUX
TEYIA

Birauiii Mamuyk!; Jleonin Pomaniok?

Hayionanonuii asiayitinuii ynisepcumem, Kuis, Yxpaina
2 TepHoninbcoKull HAYioHaNbHUL mexHiunull ynieepcumem iveni leana ITynios,
Tepnoninw, Yrkpaina

Peztome. Xapaxmepuumu pucamu cb0200eHHS € NOCMILHO 3pocmaloduti pieenb 6uUMo2 00
aepoounamiynoi egpexmugnocmi nimanvnux anapamis (JI4), nowyx posuwupens MoxcIusocmeil 3acmocysanis
asiayitinoi mexHiku 8 Oedani CKIAOHIWUX YMOBAX eKcniyamayii, po3pobienHs 3acobié NOKpAujeHHs 31IiMHO-
nocaokosux xapakmepucmux. OOHUM 13 Memooig, AKUll 0036018€ CYMMEBO NOMNUWUMU AePOOUHAMIYHI
xapaxmepucmuku JIA, € guxopucmarnus npucminnux cmpymenie. Ilpakmuune sacmocyeanus 6 Koncmpykyisax JIA4
SHAUWAU 000Y8aNHA BEPXHLOT NOBEPXHI CIMPYMEHAMU 3a PYWLIAMU, CUCTNEMU YNPABIIHHA NPUMENCOSUM UAPOM,
3acobu cmpymenesoi mexawnizayii. 3abe3neyeHHs SUCOKOI e@eKMUBHOCMI BUKOPUCMAHHA YUX 3ax00i8 I
onmumizayisis. KOHCMPYKYill, wo ix eminiooms, MOJNCIUG] Juwe 3a HASABHOCHI DPO3PAXYHKOBUX Memooi8, SKi
00360/1510Mb 3 OOCMAMHBOIO MOYHICTNIO NPOSHO3Y8amu poboyi napamempu maxux cucmem. Cymmegoio UmMozorn
mym cmae HeoOXiOHICMb YPAXYBAHHS PeaibHUX YMOS, 6 AKUX (OPMYEMbCA NPUCMIHHUL CMPYMiHb, d caMe,
WIOPCMKOCMI Ma KPUSU3HU OOMIYHOI NOBEPXHI, XAPAKMEPUCMUK CYRYMHbO2O NOMOKY (30KpemMa ueuoKocnii,
2paodieuma mucKy ma mypoyieHmHOCmi), 2eOMEMPUYHUX 0COOIUBOCMELL e)CEKMOoPa (8UCOMA WINUHU, MOBUUHA
kpatiku). Kpiv moeo, 8asiciueoio umozor 00 po3paxyHKoeo2o mMemoody mae Oymu 3a0e3neueHHs MONCIUBOCH
BUKOHAHHA PO3PAXYHKIE napamempie medii Ha 8Citl OLIAHYI 11020 POPMYBAHHS aHC 00 BUPOOICEHHS NPUCMIHHO2O0
cmpymens 6 npumedcosuti wap. Pospobneni na oanuii uac memoou po3paxyuKy HecnpoMOdICHi 3a0080IbHUMU
00HOYACHO 6CIM 3A3HAUEHUM GUWEe GUMO2AM, WO 2ANbMYE PO3GUMOK [ BNPOBAOICEHHA CUCEM YNPAGIIHHA
NPUCIHHOIO meuicio Ha 0a3i npucminnux cmpymenis. Lle 3ymoenroe akmyanvuicms po3pobiieHb y HARPAMKY
600CKOHANEHHS | Y3A2albHeHHs I0OMUX, A MAKOIC NOOYOO8U HOBUX MAMEMAMUYHUX Mmoodenell i Memooie
PO3PAXYHKY NPUMEIICOSUX WAPi6 mMa NPUCMIHHUX CHPYMEHeBUX meuill, o pO36UEAIOMbCA 6 YMOGAXx,
MAKCUMATBHO HADIUINCEHUX 00 PEedaTbHUX YMO8 eKCHIYAmayii cy4acHoi agiayitinoi mexHiku.

Knrouosi cnosa: mypbynenmna 8 si3kicmo, NPUMENCEGUIL WAD, NPUCMIHHI CIMPYMEHI, CRAAUH-QYHKYIS.
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