Pazpabotannas
cpela  rnpegHa3HauYeHa
cnefyromux 6a30BBIX 3a7ay:

- Tony4yeHne OOBEKTHBHOW OLEHKH
COCTOSIHUSI TIPOM3BO/ICTBEHHBIX n
TEXHOJIOTHUYECKNX PECYPCOB TPEINIPUITHS,

- BHISIBJIEHWE Y3KHX MECT M PE3EPBOB B
NPOM3BOACTBEHHBIX CTPYKTYypax
npeaAnpusTys;

- orpezeneHne CTETIeHU
TEXHOJIOTHYECKOW TOTOBHOCTH TPEATIPUSTHSL
K BBIITYCKY TpeOyeMBIX BUIOB IPOAYKITHH;

- oIpesiclicHUe CTPYKTYp
NpeInpuATs, TOATEKAIINX PEKOHCTPYKIINH,

HUHCTpYMEHTANbHas
UL pelleHus

TEXHOJIOTHIECKOMY  TIEPEBOOPYKEHHIO W
JOOCHAIIEHHIO;

- 000CHOBaHWE TpeboBaHms
TIpeATPUATHH K noTpedIsIeMbIM

MaTepmnaibHO-TEXHU-YECKUM pecypcam;

OcHoBoil aHanmu3a OOBEKTa SBIAeTCS
KOMILUIEKCHOE ~ HCCIIEZOBaHHE 10  Tpem
HarpaBJIeHUIM:

- aHaJiN3 TEXHWKO-IKOHOMHYECKUX W
TEXHOJIOTUUECKMX XapaKTEPHCTUK TIO BHAAM
TIPOM3BO/ICTE;

- aHalu3 COCTaBa M TEXHUYECKOTO
COCTOSTHMS Pa3JIMYHBIX BUIOB 000pyn0Banng;

- aHaJu3 NpOM3BOJCTBEHHO-TEXHOO-
IrHYecKMX  MoKazaTeleit BBIITYCKaEeMEBIX
V3 IOEIIN.

Takum o0pa3oM, HHCTpYMEHTalIbHAs
cpena obecreunBaeT 3 deKTHBHYIO
HOJEPKKy paboT Ha Bcex dTamax: oT cbopa u
aHamM3a  TiepBUYHOW  wHQopmaumm 1o
MOATOTOBKA W TIPUHATUS WHXKEHEPHBIX 1
aIMVHUCTPATUBHEIX  pemennit.  Cucrema
TIO3BOJIAET s¢dexTrBHO MCTOJIb30BATH
nipodeccroHabHbIE 3HAHHUS ¥ OTILIT 3KCIIEPTOB
IJTSl TIOATOTOBKHA OOBEKTHBHO OOOCHOBAaHHBIX
petreHuit Ha 0CHOBE (DaKTHHIECKMX JaHHbIX.

CALCULATION OF LAMINAR BOUNDARY LAYER BY INTEGRAL METHOD FOR
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In this paper, calculation is done by momentum integral method and based on two-fluids
boundary layer. The integral method is an approximate method which can reduce the mathematical
difficulties in solving the Navier-Stokes equations in two dimensions. The calculation will be done
in MathCAD and Matlab, with the results we figure out that the two-fluids boundary layer has

smaller drag than that in general case.

At the very time engineers recognize
x xthe importance of the boundary layer and
viscosity, they try to influence and control the
performance of the boundary layer and some
methods have been invented. Apart from the
methods has applied in the engineering
projects, in this paper we will try to show the
two-fluids boundary layer, which can
certainly influence the gas boundary layer,
and the calculation of this kind of boundary-
layer. In one sense, this can be treated as a
boundary-layer control method.In this case,
the boundary layer will be consist of two
different layers: one is liquid and the other is
normal gas. In addition, we choose water and
oil to form the liquid layer and air to form the
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gas layer. As to the

calculation, it will focus %% O _q.+6,)
on some  important ox Oy
parameters: momentum thickness , liquid

boundary-layer thickness , gas boundary-layer
thickness , fluid velocity at the interface of the
two layers , drag coefficient, which are the
functions of the distance from the leading
edge , and total drag
u ~U, L=y, coefficient respecting
=1y
U,-Us to Reynolds number.
What's more, in the figures of the paper, these
parameters appear in the dimensionless form
and can be written as .

A Ay, d*u,

ay2




We obtained the final expression of
the Navier-Stokes equation which is suitable
to the two-fluids boundary layer

TW

d . _Tw
(0sy<6) U=

ou, - Ou, = a u,
U & 3 a2

C =Ecot’ (—ﬂ— U.)
ta oy ay 2

However, equations above are partial
differential equations, in order to solve them
we still need some boundary conditions as
following.

In addition, some liquid will be
injected through the slots in the plate at a
fixed velocity. For general cases, slots spread
over only part of the length of the plate,
however, in our calculation we assume that
the slots distribute all along the plate. And in
the liquid layer, we assume the velocity
profile is linear for simplicity.

As stated in the title, the calculation is
supposed to be done by integral method
which is an approximate method. In the paper,
we will present the integral method with the
application of momentum equation and the
the principle of similarity shown following

K=l which is simplified from the
assumption that the free-stream velocity is
constant and .

Now, we can use these equations and
boundary conditions to derive the equation
which can be directly used by the MathCAD
and Matlab to calculate the parameters
mentioned earlier. After some derivation and
simplicities, we obtain three core equations.

as shown following

2F(x)
0, =—=
5 = M ﬁ-5g fl_e_&z_&U_
= _ 2
/ ‘ug il—'U* ;fy(o) dx ngw5I

ere, we achieve the goal that transform the
partial differential equation to ordinary
differential equation which can be solved by
MathCAD easily with fourth order Runge-
Kutta method. Although the solution is not an
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exact solution, the fourth order Runge-Kutta

method can provide sufficient accuracy. In

this process, some techniques are necessary

such as some approximate equations for
) intermediate variables.

Cautr T8 When we do the

My 20F (X) derivation from the three

BU —(C+ B+ BT + (B~ B,)U. + B, =0

core equations, we will have an equation
when equaling the two equations of as
following:

which is in three order and hard to
solve when C is a function. Here we need a
approXimate equation to approximate function
C, here we put:

where E and n can be determined by
least square method. Tn addition, the results
show that the approximation has tolerable
errors with the real equation.

Specially, when draw the figures of
the total drag coefficient, we use Matlab
instead of MathCAD to obtain the figure
cause we don't have the mathematic
relationship of total drag coefficient
respecting to Reynolds number and only some
points dissociating.

When the calculation completed, from
the figures, we can have the conclusion that
real velocity distribution is not linear.
Viscosity don't influence the gas layer
thickness and momentum thickness much,
while since oil has greater viscosity than
water, the oil-layer thickness is much thicker
than that of water layer, so as to the velocity
at the interface. But with the application of
the liquid layer below the gas layer, total drag
coefficient gets smaller than the general case,
while not effective than case with blowing
control method, seen in Figure 1 and Figure 2.

For further research, we need to use CFD
to get data more detailed. What's more. case
with turbulent flow and curved surface can be
investigated in the future.



AirWater

""""" Appmiimalinn
Blasius solution

log(100*CF)
=]

Figure 1 Figure 2

Tog(100"CF)

05|

Air-Oil

~———— Approximation
Blasjus solution

05

g 10 1 12
log(Rel)

ITPOTHO3UPOBAHME U NPEJOTBPAIIEHUE ABUAITMOHHBIX ITPOUCIHIECTBUI
TP OPTAHM3AIIMH X ITIPON3BOACTBE BO3AYIIHBIX IEPEBO30OK
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Creation of scientific methods of aviation accidents prevention is important for reduce of
accident rate in civil aviation. The development of the automated system of forecasting and
prevention of aviation accidents is considered in the present report.

I'pynna xommanuit (I'pK) «Bosra-
Huenpy, ABJISIOIIAsCS KpYIHEUIIAM
aBHALlMOHHEIM TIpy30lepeBo3unkoM PO u
KoHTponupyomas 6Gomee 50% MupoBoro
PBIHKA aBHANlepeBO30K HerabapUTHEIX IPY30B,
ynenser ocoboe BHWMaHWE BHEIPEHHUIO
TIEpEIOBBIX METOJIOB YTIpaBJIECHUS
OezomacHocTho mojsetoB. B 2010 1. I'pK
COBMECTHO c ViIbIHOBCKMM
rocyAapCTBEHHbIM YHUBEPCUTETOM
VHULMUPOBaia WHHOBALMOHHBIA MPOEKT MO
pa3paboTKe aBTOMATH3MPOBAHHON CHCTEMBI
NIPOTHO3UPOBaHMA ¥ TMPedOTBpaIleHUA
aBUALIMOHHBIX IPOUCIIECTBHI pu
OpraHm3allid W IpPOU3BOACTBE BO3MYLIHBIX
nepero3ok  (ACIITIAIT), xotopeii GBI
noanepxan IIpaeutensctBom P® B pamkax
BeiTioJiHeHNs TloctanoBnenns Ne 218 ot 9
anpenss  2010r. K pabGore B KkadecTBe
KOHCYNTbTaHTOB OBLTM MOAKITIOUEHBI BEIYIIHe
yuenble P® B obnactm  ynpaBneHus
6€30MacHOCTbIO MOJIETOB, PUCK-MEHEHKMEHTa
U «4enopedeckoro gakropay m3 MI'TY T'A,

MI'TY UM. H.3. baymana, C-
Ietepbyprckoro I'VTA,
MexrocyapcTBEHHOTO ABHanMoOHHOTO
Komurera, OKb Mwumna wu  gpyrux
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OpraHu3aIlHi. Hna obecrieuenns
BEICOKOTIpOheccHOHATBHOM 9KCIIEPTHOI
OLICHKM XOJa pealu3aldi TpoeKTa Obll
copMHpOBaH  OSKCTEPTHBII COBET IpH
Ilpesupente I'pK mox pyKkoBOZCTBOM HieH-
kopp. PAH H.A. MaxyToga.

Ilene  mpoekta —  TOBBIIIEHHE
6e30MacHOCTH TIOJIETOB BO3YITHBIX
TIEPEeBO30K 32  cueT  mepexoja B

aBpakomnanusx I'pynnbl K nNpeBEHTHBHOM
cHUCTeME  YIpaBlleHMs  pHUCKaMM i
Oe3omacHOCTH TIOJIETOB Ha OCHOBE HX
KOJIMYECTBEHHON OLEHKHU C HCIIONBE30BaHHEM
[IPOrpaMMHBIX CPEICTB M MaTeMaTHYECKOTO

MO JeJIUPOBaHHUA.

Pa3pabaTeiBacMas cHcTeMa
HarlpaBJieHa Ha  pelIeHWe  CIEAYROUINX
OCHOBHBIX 3a3/1aY:

1. OTIepaTHBHBIN TIPOTHO3
BEPOSTHOCTH  aBHALMOHHBIX  COOBITMH B
NpEeACTOsIIEM  TOJEeTe € YKasaHWeM
BnusioWmMx  ¢GakropoB  ONAacCHOCTM M
BO3MOXXHOCTBIO KOPPEKTHPOBKH IIPOTHO32 C
Y4ETOM npeiaraeMbIx BapHaHTOB
YIIpaBIeHYECKUX PEIIECHHUIHA,

2. JOJITOCPOYHBIA MpPOTHO3
HEepHOIOB KpUTHYECKOT BEpOSTHOCTH



