ok EsH 7% ¥ iR vol. 20. No. 5

1988 4+ 9 H AC1A MECHANICA SINICA Sept.. 1988

Bk 7Y 1L Navier—Stokes
5% (SNSE) %

= 5
(MRS NFHRFT L5

BE AV RIF-+—FE{L Navier-Stokes 75 #2 (SNS2) R#E B Hl Navier-Stokes (NS)
HIREFRNRE SR RS), R B4 SNSEN T pUgRE NS GRRAUMEREA 25 DR
SNSE'»"! g b5 NS FRARFER— 8. P MR TR SR E A M /LR SNSE i
L e w i (R G 22, AT RO BT I 2 B, SRR RMAABRER" &
Wi Fe v R Re ot BEREVRBIDIK R BARRSHTIRAEEEM; BEMD
FAEEIRUE T i NS D7 RRI » R B 4 OBV TR A B B B R At TR P a0 B

XA WK D BT, Navier-Stokes J7 48, AR R R 5h

P JLERANIBE T1F% Navier-Stokes(NS) FREFEMHERR, L (181, {2
(H9f#i{t Navier-Stokes J5# (SNSE) w]H T & OIER MR AT R R AN 4 iR
Vi, 45 T 5 NS HREW -3 RIFARUES E, Nifd SNSE B e SR E T
] )R T R, EEOR AT E T IE SNSE ZEINE Rl 19—
111, NS SRRt TR %18 SNSE {095 rubrik , ik St i ok B0 i de, A SCudnt
4y BT 2 490 R Mrdni® SNSE,

Li#AB SRR 2508t Navier-Stokes (NS) 732

AT R AR AR O BERARR R (e 0, @) HERE, 0= 0 A 5HRXERE, T 81
W PR MENEA (4, v, w=0), EENENWESHHEMTESR NS FFH

1 8 ,., 1 0 . )
19 + 1 9 (,sng) =0 1)
r? Or (r'u) rsin@ 06 (#5in8) (1.1
u(a.?,‘_g..l’ _6_’{_”2=___(3_£+,1."§jf’+22” 1.0
Or r 06 r Or R, L Oy r Or r’sind 60
. au> 2u 2 0Ov ZvcotG]
(sing Q8 _2#__ 2 Ov _ Zvcotb (1.2)
(#m055) 57 5 -
dv v Ov uy 1 Op 1[610 2 0Ov
Qv v Ov yuwr_ 1 Op 4 1100, 2 Oy
“or "7 88 1 r 00  R.LOr r or
1 o (. 614) v 2 au]
9 (sne%%) — _ 4 2 94 (1.3)
r’sinf 00 ksn 00 risin’d ' 00

A 19854E5 H 14 B 1 18, 198759 A 18 BIKEIE A,



¥ 5 5 B . BERARESINE{L Navier-Stokes J55 (SNSE) ## 461

i, 10, uy v FP B L o B ot BRAUE, Re 9T Re = L2, i
SNSE SR, M5 NS HE—B. & SNSE HyRSETT,B SNSE (o4 H7N

2814
(1). Davis ¥t EHBIAIHEE—M SNSEP —3f & f1R04 T4 3124
- op 18 in Ou )
RHSw(r) Or + Rir?*sing 06 (Sl o 60>‘ (1.4)
RHSp(6) = — L 07 (15)

r 00
RHS 8 5EARA NI,
(2) WSHMNZEELEL (IOM)-SNSE™ FIE E By SNSE™ —-%f , 1Ry 8 T4y Bl

aﬂ 1 o /. é‘u\
RHS _ - S 4 L e 1 1.6)
IOM(T) or KReriging 50 ‘\ 06 (
\ 1 8p i [ 1 e ( . 61/) v au]
RHSoul8) = — — X + £y 9%6) " i T2 (1.7)
10M/. G Y Rertlsing 86 s 06 sin’@ 06

(3) ik NS J5#2 (PNS)™ K1 Baldwin-Lomax ¥ 23 1" —2, BN 1A MRS
Bl R

RHSps(r) = — % + m 'a% (sin@—g%:’ (18)
RHSens(6) = — —: _g%p + er’ [siie 5% (me 'Z%) - si:’@] (1'94)1
(4) BEAEITTHEEHNRAI » BT RSHETR SNSE, KA8mae
o= 0 012 & (02
-—Zu—Zgg»—ZvCOIB] (1.10)
N e
— s—ir':,—g + 2 gg—] (1.11)

(5) RBmREEEIRh 0 & BRI BIR © BB MRS IR MY SNSE, R4 3T R
RHS(r) = — 92 4 _1_[1 Ou , 1 8 (sineﬁ)

d  Relr 8  ,sinf 08 %0

R (1
o= e[ 5k (o)

- r’sivn’6+% gg] (1.13)



462 i} 2 = e (1988 ) 3£ 20 ¥

(6) BRI R 3R RIS 7 R SRR SNSEX, AN

RHs(,)=_QE+_L[£ Ou . 1 j—(sin@ Qﬁ)
or Re Lr Or risin 8 00 o0
_3_12‘_% 00 20 6] (1.14)
r ré¢ 06 ré i
RHS(O) = — L 92 4 1 [3 Ov 4y 1 0 (sinfi?—f—>
r 08 Re Ll r Or risin 6 0@ 0o
+3 0w _ 1 Ou _Li‘_Sinze,,] (1.15)
00 r 0r08  r’sin’@ '

(7) HppiciRE-TREEE NS 7372 ('), BfRZ2mRE i Ehal « G S
5 fi R 350 PR T R AR, W B R I, X LR oA ), RAE ST s MR
IHTEE R,
2. BT bR R, NS 732 (SNSE) 2
A1 SNSE, gk 582 (1.1) "IHL iR & B RREA
1
¢=*E“ r1(6) (2.1)

[4

w= L 00 _ 1 e,

risin ¢ 06 Rersin 6
—1 0p _ —1

rsin@ Or o Rersin 6

(6) (2.2)

vy ==

R (2.2), HHESHEIFERMIET] p,18 SNSE, 554 NS HRLURNAFEHGER

1S}
_ 04, 9 (,, ?1) - yo l,L 9. (Sing Q%)}
06 a6 o8 Rer |06 Lsin8 08 o6
+ (224 2,) ‘;—;‘ + zxey} (2.3)

ot R ANEILAL (IOM)-SNSE, #Z [ SNSE, ZREIrAX » AOHhdE T 8O0 M
SNSE [ 554y NS HEEHE 1=1, 4, =1, =0; X Davis $ilER %, & L1 — Ui
SNSE, fi#fe NS J5# (PNS), Baldwin-Lomax ¥ EUEMILIK &ML F 2 75 £ 4
L= 1, = Ay = 03 BT 7 ME IR SRy SNSE H A= 1, 4, =1y = — 2;
Xt ZWE R E R A T O RSEIEY SNSE H 2 =2, = — 2, 2= — 4; WML HK
R NS HREA 20+ 4, = — 4, 4y = 0, X2 (2.3) MR T RER

— S g, (Y oy
f(e) — “~ an( c > ( ‘)
Hoh a,(n = 4) WERM T BHEAK

— ¢ J)l n—2)Y(n—3
s a(n— D — 2)(n — 3) e ¢ )€ )



£s M B OE: BERSMBEHEI{L Navier-Stokes J572 (SNSE) fi# 463

(24 2tn—3)(n—4) — (22 + 2,)]a,_,+ 2248, — (n — 4)
c(n—5)[24+ (n—3)(n—6)— (212 + 1,)]a,_.

m+s=n—3
— 1Y Bmt =2 — e
¢ mz0
m+s=n—1
+ % Z Bm+s—2) (s — l)ya,,,a,} (2.5)
¢ mz0

FRE Q3 PWERAESUNMTENRSER, ERzxI¥WRat, Bl 0 =0, y=1/c &,
o= 0, f(1/c¢) =0, X A =1, 2, = 2g= 0 NEH, HEE

#(6) = 25in"9 (2.6)

¢ -— cosf

HHEBERES > 1,
oo~ i < LR EN R A R ER A

4(1 — cos@)

¢ — cos@

_ 44 —cy)
)

A A=2,=1,=0 WFERDREEER,ATH (2.4) XBETHE,

. 445w

B ETERTALESL SNSE h RENSEILE (IOM)-SNSE, ZIB& %t 7 okl
SRR SNSE i E —fr SNSE #9555 NS LR EME—BHE/\F SNSE iy
RS NS HREAEFRER—B,

THEED P LA SNSE BRE5EHENZE R, ARG ERITE RIS AH AL B AR
EWIAE, B EBEmREEE AR T SRR EXEE, B 6 IRER
NEE AL, TR (2.6) KB4 '

> fb(e) = (2.7)

6, = cos™ - o (3.1)
c .

R BY AR AMEEE, B (2.2) FsERR (2.6) REID AL
0" A

6% = cos(c — Vel —1) ' (3.2)
B c WAFEBXWT: ERAAESRECIEESRTEON NSRBI IS ——I;—, 5 e pyk
o P
'%%UZ]

F 32¢ c+1
I e o () y
ov? 3(e*—1) c—1 (3:3)

v = B R FH A 5 B (S K AR AN



464 ba) 4 2 i (1988 ££) ¥ 20 %

X). Davis ¥ EHERE/LF SNSE (BE ¢ — 1< 1 B4 (2.7), EWBEB O, fo #F
SR # I RZE KRB A

jb(et) _ f(et) ~ & 1

1(6,) c+ 1 (3.4)
EHR 0 &, £ BERBRBAOENREREBA
1(6%) — 1(6%) c—1
ey TN+ (35)

B T SRR OB B A5 B B A R I TR AR M R T LR 1 A 2, B K
i) fEMRES 6, M5 R 0% AL E, B RV TN S R R DU HILL R, i) R IE TR MRS %
REA, WMER ¢ — 11 Bl RESE QIR % 08 0 R BB HE KN R 5 TR W,
B/ REMIIA LA, 203 1, FHiibw& K SNSE (R MR+ S8,
i) RS LB (R 2) KRB, BHEIE NS 52810 REEIE B Ik 530 rh R v 5

Ty & BRGAFOI0 -2 0% il R RGTRET LTRSS

B S F RER PR O TIELL S, BB R 2, E R NS HERSBRE MK

®1 MNARE 6. fuiHm 6* AR, Navier-Stokes J5i2chifitiBminEx (i

2
(et o m—1)
B 0, 8° 16° 24° 32° 40° 45° 60° 80°
Hs 0 29°36 41°6 49°30° 56°18° 62°12’ 65°30° 74°30° 85°
¢ 1.0098 1.0403 1.0946 1.1792 1.3054 v 2.000 5.7588
FBM FIPvt  ]3.34x10%|7.94%10%|3.3210% | 1.74X 10| 1.03% 10 | 7.73X 10" | 3.48% 10|  9.04
o MRE  |1.025% 104 5.92%10? | 1.02X10% | 2,62 10" |  8.07 4.00 |4.44%107%3.87%x10?
LN
ar & 0 0 0 0 0 0 0 Y
v Ou BEEE [ 2.093104( 1.28% 107 | 2.44X107]7.29% 10| 2.75% 10" | 1,60 10" |  3.56 [2.57x 107}
r 9 FAgL 9.94%101]4.21%10' ] 2.33%10' | 1.42%10*|  8.90 6.64 2.47  [2.47%107
7 MRS | 2.03%10%| 4.86%10'|2.02% 107 | 1.0ZX 10| 5.68 4.00 1.33 |(l.25% 10"
r A 4.96% 101 2.10K 104 { 1.17x 10" [ 7.10 4.45 3.32 1,24 {1.23x 107
8v BE | 1.45%10% [ 1.70% 107} 4.54% 10" | 1.64% 10 6.77 4.00  [7.70%107'2-19x107?
o 2v
ar A 0 0 0 0 0 0 0 0
v Ov | W 0 0 0 0 0 0 0 0
ro00 | e 18.72%101]2.41% 100  9.97 4.73 2.34 1.51  [3.45%10-11.09% 10=*°
ty BRI [ 1.45%10% | 1.70% 107 | 4,54 X107 [ 1.64% 10" 6.77 4.0 (7.70% 10-Y2.19% 10"
r ET 0 0 0 0 0 0 0 0




¥sH B E: BERHMKEIAR L Navier-Stokes J512 (SNSE) ## 465

%2 MBS 6, 73RS 6* A, Navier-Stokes HIBPI5IIERMBT i
(ﬁlﬁu  H—tt)

MRE 8, 8° 16° 24° 32° 40° 45° 60° 80°

#h 9% 29°36’ 41°¢’ 49°30° 56°18 62°12’ 65°30 74°30° 85°
V(i) MEEE | 2.03% 107 4.87x 10! [2.02% 10! | 1.03%10°| 5.68 4.00 1.33  [1.24% 10t

i=1,2,3 34K 0 0 0 0 0 0 0 0

v(e) | BB 0 0 0 0 0 0 0 0
’ $2 [2.48% 10 | 1.05% 10° 5.84 3.55 2.22 1.66 |6.20% 10-[8.34% 10~
v,(s)y | "EES |2.03%10%|4.87X107|2.02X 10" | 1.03% 10' | 5.68 4.00 1.32 {1.24% 10"
’ $7 | 2.48% 10! | 1.05% 10 5.84 3.55 2.22 1.6%  16.175010-1(6.15X 102
v,6) | "RED | 1.05X10%)6.40% 107 1,22 107 3.65X 107 ! 1.38% 10| 3.00 1.7 [1.28X 10t
A ] 9.95% 10" | 4.21X 10 2,35 10t 1.47._><10*; 8.3 6.63 2.48 |3.lox 10!
Ve(i) MR 1 2.80%X 10" 1.40% 10Y| 8.5 6.42 5.34 4.00 2.31 |7.04%10"
t=1,2¢ HA | Llixo0r 9.17 6.83 5.33 4.22 3.64 2.22  {7.03% 107!
Ve(3) | | 7.37X10%19.19X10112.72X 10" | 1.14X 10| 5.77 4.00 1.54 |3.63x107*
W | 1.47%10? 1.48  |9.19% 107} 1.49 1.52 1.45 1.03  |3.48% 107!
Vel 4) MREB | 7.37X107[9.19% 10" | 2.72% 10" | 1.14% 10? 5.77 4.00 1.54 |3.63%X10™!
WA | 1.41% 10 9.18 6.83 5.34 4.22 3.65 2,22 |7.03% 107!

ve(s) | "EEL | 2.95%10° 13,68 107} 1.09%10% | 4.56% 10" | 2.31%X10* [ 1.60X 10" | 6.16 1.45
#348  |2.89%X10' | 1.06% 10 5.91 3.85 2.70 2.20 1.20  [3.54%x 107

#

2” = cotfd,

[V 1) V,(2)5V (305 V,(4), V (5),V ,(6)]._._[6“ z0u 14 2

6’ r ar’ r’ ot

oo (5100 T ) |5 [VeC1)>7e22, Ve(395 V(42 V(53] =

2 6y
7280’
ﬁ[av 2 do
oLért’ 1 ar’

1 0 . Ov v 2 On
7sind ae(s‘“oa_e)’ s’ "rz‘ae]

Bt+oERE. iv) ERNBREER. MEETHREMEEXRGE, ASNZEE (IOM)-
SNSE L&,

£ £ X @

Davis, R. T., AI44 J. 8, 5(1970), 843.
Fonosaues, 10. I., Kyaemuu, A. M., Tonos, @. 1., K. Buiusca, Martem. 1 Matem. Pua. 13, 4
(1973), 1021,
[3] Rudman, S., Rubin, S. G., 4144 J.,, 6, 10(1968), 1883.
[4] Baldwin, H. S., Lomax, H., AJAA Paper 78(1978), 257.
[ 5] Patankar, S. V., Spalding, D. B., International Jour. of Heas and Mass Transfer 15, 10(1972), 1787.
[6] Inoue, O., AIA4A J., 19, 9(1981), 1108.
[7] B &,H%3m, 6(1982),606,
{81 Tonctux, A. Wi, s, AH CCCP, MJKT 6(1969), 19,
{9] Murray, A. L., Lewis, C. H., 4144 J., 16, 12(1978), 1279.
[10] Emenbsanosa, 3, M,, ITasaos, B, M., Peinenne 3a1aun o6TeKaHUA cdepH BASKHH IasoM (PH NOM-



<66 b2l 2 &2 icd (1988 %) ¥ 20 %

OUIM NOJIHHX H ynpolleRHHX ypasHeHnd# Hapne-Croxca, B kH.: Brladcautenbsble Meronm u Ilpo.
rpAMMHpoBaHke, Boim. 34 M., Man-Bo Mock, Yu-ta(1981)

[y w 8,JERiR, 17,3(1985),201,

f12}  Squire, H. B, Quari. J Mech. & Applied Math, Vol. IV Pt. 3 (1951), 321.

[13} Schlichting, H., Boundary Layer Theory (7th Ed.) McGraw-Hill (1979).

SOLUTIONS TO THE SIMLIFIED NAVIER-STOKES
EQUATIONS (SNSE) FOR THE ROUND
LAMINAR JET

Gao Zhi

(Institute of Mechanic:, A.cdemia Sin'ca, Beiping)

Abstiaet Thi raper uses eleven kinds of the simplified Navier-Stokes equations (SNSE )
to solve the vound laminar jet for which the exact solution to the complete  Navier-Stokes
equations (CNSE) had been found. It shows that for the eight kinds of the SNSE, such as
the Davis viscous-layer SNSE'™, the thin-layer-l-order SNSE™, the parabolized Navier-Stokes
equations (PNSE)"™, the Baldwin-Lomax thin-layer approximation" and the SNSE in which
the streamwise viscous stress derivatives are neglected™, their solutions are not consistent wich
the exact solution to CNSE. The solurions to the former four kinds of SNSE are actually the
solution to the classical boundary-layer equations™™  The solutions of the other three kinds
of SNSE, such as, the innerouter-layer-marched SNSE'”, arc completely consistent with the
exact ~olution to CNSE. The deviations of the boundary-layer solution from the exact one
to CNSLE. and the quantitative comparison between the inertia and viscous terms are given at
the positions of bath the turning-point where the derivative of the streamfunction with respect
to 0 equals to zero and the throat where rhe stream-tubes have a minimum area. From here
we ser thar it is necessary for simplifying CNSE to retain all the inertial terms included
CNSE and to accept-or-reject reasonably the viscous terms and that the inner-outcr-layer ma-

teliwd SNSE would be more reasonable in mechanics and in mathematics.

Key words Viscous Flow, Fluid Mechanics, Navier-Stokes Equations, Jet, Boundary-
Layer Flow



