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PHAT TRIEN PHUONG PHAP MAT CAT LIEN TIEP
'TRONG BAI TOAN LOP BIEN TANG HAI CHIEU

VU BA MAI

1. DAT VAN DE

Bai todn 14p bién ting hai chidu di dwoc Blasins nghién civu {1], sau dé dwoc Khimennets,
Khauoat cling nhidu tic gii khic phat trién [6]. Cic téc gid ding chudi liy thira cda z v&i cic hé
58 13 ham cda y. Cédc hé s8 nay dwec tinh todn va lip thanh bing bifu tién cho viée st dung ky
thudt. Ciing vi thé€ ma gip khé khin khi ciin ¢4 dé chinh xdc cao hon.

Thréi diy s€ trinh biy mét cich phét trién phu’o‘ng phap m3t cit lisn ti€p dé gidi bai todn
nham khic phyc tdn tai vira ndu.

2. CO 80 LY THUYET CUA PHUONG PHAP MAT CAT LIEN TIEP
T hén hé:
AUz, y)

U($0 -+ AID! y) = U(IOS y) + £ r=zo

- Azp [2.1)

ta thiy d¢ tinh U(zg + Az, y) ciin bidt him U(zg,y) vd dao him riéng theo z cda né. Vi viy
e . e s -1/ J Ly
néu coi U(zo, y) 13 gid tri ban din 43 bift thi chi cin tim gid tr3 5o tal zy 12 bal todn dwec gidl
€
quyet.
Nhim muc dich dé, ta bién d8i phwong trinh Prandtl hai chidu |3

al ou _ dpP a2u

Uw —
By Cdz | 9y (2.2)
w v ‘
dz 8y
véi digu kién bé:
U=V =0 tai y=20
U=10, tal -y = oo
vé phwong trinh vi-tich phin theo y
Tir (2.2) theo [6] va [8] nhdn dwoc:
oU,  _8U [ 18U 1 (9°U
IS EX R [P )
il = 5o [l 1G] 557 - 1), (2.3)
0

trong &6 dit f(z) = dP/dx
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. . au .
Bidu thitc (2.3) cho thiy khi bigt gid tri cda him U(z,y) tai z = 7o = const thi e cd

T lz=zg
kh4 ning xdc dinh dwge. Muén viy, cic dai lromg

U [?:yU ( )] =14 (2:5)

phai tdn tai hitu han trong mign tich phan theo y tir 0 dén y. Didu nay dwoc thwe hifn néu ham
U(z,y) tai zo ddng thi phii thda man [7]:

3

v =0 (2.47
6y3 2!;':300

R ,
Gy Lenzy = Il50) (25)

Hai di€u kién (2.4°) v3 (2.5") dwoc goi 1A d18u kién dwong vien.

3. XAC DINH GIA TR] 57 TAI 5= o THEO CONG THUC (2.3)

Theo d& nghi cda phwong phip mit cit lién tiép, ta tim nghiém cda (2.2) dang

.-g.,.

N
Ulz;,y Z _am ' @l = ai(z;} = const (3.1}

=1

trong dé cdc hé s8 a;'f' 13 hing s8 [4] va s& dwgc k¥ hidu 12 ¢? tai mit cit ban diu vmg véi = = z.
Lay dao him cdp 1 vi cip 2 cla (3.1} theo y

ay (-1
U I gy
dy ZZ(z—Z]‘ (3.3)

Viét bigu thirc cda I/? dwéi dang chudi hitu han

N ]
= ZA;‘?_;’ {3.4)
=2

trong 44 :
i—1
e
;= 3.5
A= ) -
=1
va tich phin [7]
1 [8%U B
e dy = * i+1 7
[UZ[ayz f{)]mxoy Z(z’+1) Y (3.6)



trong d6 B; 1a nghiém ctda hé phwong trinh dai s8 tuyén tinh
Z BjAi_;= i—g 1=2,N

tinh tich cda (3.2) véi (3.6} duoc:

trong dé

Ciling tweng tw ta tim du'c_rc:

o
122 - e

-ZDiy

T==zq

trong dé D; 1i nghifm cia hé phwong trinh dai sd tuyén tinh

i
Z 8¢ 13 .
GJ'DI'_J‘+1 = 7= 1 = 1,N

=1

Thay céc bidu thie (3.8), (3.10) vao (2.3) duoc:

N
ZC+D % {Ca+ D3 =0)

8:1:

E=Tqn

Thay (3.12) va {3.1) vao (2.1) ta nhdn duge két qud:

N

) C; -+ DVAzy + a; i
U(10+Am0,y):2{( ) 2 }y; O3+ D3 =0; a3=0.

!

4. THI DU

Xac dirh bifu d5 lwu t8c trong
baitoin ddng chiy bao hinh try tron
bén kinh R cla chit ldng nhét khong
chiv nén. Hinh tru dit vudng gdc
véi vin tdc ddng bao tai vé cing
{hinh 1}.

Hinh 1
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Ap dung phwong phip mit cdt lign tiép dé x4c dinh bidu a5 luu t8c U(z,y) tal cde mis cit
g v&i che gid tri xde dinh z = z;. Theo {2.1) cin cho truée dang bidu d5 U{zq,y) tal mit cht
ban d3u x = 3o = Ry {trong 46 oq 12 géc ban diu). Theo (3.1) dang cu thé cla bidu d6 U{zq, y)
dwoe quydt dinh béi cac hing s8 a = a;(z5). Cdc hing s8 ban d4u ndy dwge xdc dinh tai phong
thi nghigm thiy hregc tredmg dai hoc X8y dung nhe phirong phip chup inh dong chiy bao hinh
tru c6 pha cdc hat phan quang. Géc o ban diu ldy bing 15° [2). K&t qud tinh todn cu thé nhir
sau:

2l =68.107% 4 =-150.107% af =0; qf = 864.107%,
al = —2688.107 %, o) = 3348.107% 4P = —45864.107°.

Thay céc gid tri ndy vio (3.1), nhin dwoc dang cu thé cda bidu dd lwu tdc ban diu:
Ulzo,y) = 0,68y — 0, 75y° + 0,036y" — 0,0224y° + 0, 00464° — 0, 00009y

Biéu @b luu tdc ban diu v&i cic hé s8 hing s8 thda min ditu kign bién {2.2) cling nhw cdc
digu kién (2.4°) va (2.5).

Thire hign cac phép tinh (3.5), (3.6), (3.7), (3.9}, (3.11) nhan dwoc k&t qua {3.13) cho cdc mat
cit lién ti€p sao 4.

Duéi diy 14 bifu db Iwu tdc cia 3 mit cdt dic trung dmg véi cde goe wy = 25°, o = 90°,
@y = 100°, z, = Rp; (7=1,2,3)

Ufzy,y) = 0, 75y — 0,091y% + 3.107*y* = 98.107%y° + 11107 %% ~ 18,107 %7,
Ulzz,y) = 1,215y — 1,04y* 4+ 3.107%y% — 206.107%4° + 514.10 747,
Ufza,y) = 9.107%y 4 0,91137 ~ 0,222y* + 213.107*y° + 403.16™ ¥y°.

Bifu d@b cic dwdng cong thé n
hign sy phin bd lwu t8c cia l6p
bitn ting tai bén mit cit dic
treng dwyge cho trén hinh 2.
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Trong dé: 1 = y/§ - chidu 0 "
day khéng tht nguyén cia lop N

bién, Uy = U/U, - Vin t8c doc
cda 16p bién
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5. MOT SO NHAN XET

Phuwong phip mit cit lién ti€p vira trinh by 12 k€t qud két hop sit dung Lign hé (2.1) véi viée
tim U(zg,y) bing bidu théc ban thwe nghiém (3.1). Nhe st dung lién hé (2.3) ma két qui cubi
cing dirge tinh todn theo cdng thire don gidn (3.13). Nh& vay tinh todn 1dp bién véi d6 chinh xdc
tiy v, khéng phai st dung cdc bidu miu tinh sin. Tay nhién d8 nhanh chéng dat téi két qud thi
vide st dung céc két qud thwe nghiém ¢é dd chinh xdc cao 13 can thift.

Té4c gid chin thanh c¢dm on Gido sw - Tién si Nguyén Tai vé sw huwéng din trwe tiép ciing
nhir nhirng ¥ kidn déng gép hiu qud, da tao ditu kién cho vidc hoan thinh d8 tii cda tdc gil.

Bia chi: Nhén ngdy 11/8/1992
Truong dai hoc Xdy dung HN

TAI LIEU THAM KHAO

1. Christian W. J. Improved numerical solution of the Blasius problem with three point boundary
condition JASS 28, 1961, :

2. Goldstein. On laminar boundary layer flow near a position of separation. Mech. appl. Math.
1, 1948.

3. Durand W. F. Aerodynamics theory III 1935.

4. Howarth .. On the solution of the laminar boundary layer equation. Proc. Roy. Soc. London
1938. :

5. Wieghardt K. On a simple method for calculating laminar boundary layers. Aero. Quaré. 5,
1954. '

6. Iimumxruar . Teopus morpanuugoro cnos. Yan. Hayka, Mocksa 1973.

7. Puxrtesronsn. . M. Kype puddepennuanpiore u uuTerpalissore ucymcnenus Tom 1, 1L
Wan. Hayxka, Mocksa 19740,

8. Rosenhead L. Laminar boundary layers. Oxford, 1963.

SUMMARY
DEVELOPMENT OF NUMERICAL STEP-BY-3TEP METHOD
FOR CALCULATING BOUNDARY LAYERS

In this paper was proposed a development of numerical step-by-step method for calculating
boundary layers. As an example showed all the coefficients a2 of initial velocity’s profile had been
calculated by experiment.
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