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Abstract: The flow and heat transfer of the special saturated liquid film falling down an inclined heated plate were de-
scribed by the N-S equation and the reasonable boundary condition. And the corresponding mathematical model was
established, the relation between the surface tension and the fluctuation by nonlinear function on temperature was ex-
pressed. Then the Orr-Sommerfeld equation describing the flow stability of liquid film was obtained. Finally, the inertia
force, heat capillary force, steam pressure and capillary pressure were analyzed about the influence on the flow stability.
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Figure 1. Diagram: liquid film flows along the heating plate
1. R E

22

—+u—-v=0 y=h @)

Hrboo, g0 po po 7PAVNIEIE] B ITINERE . W
RN AR T IR RIE T pr ve o 0 AN
WL IBERGE L SR RIR T K AT . TTRE(S) (6),
()7 IR B R Kz s, SIYIR AT, KN
HOBUR S G

3. FELMRAKN BHRENSENXR
OURBE 5 B T 4] 4 £ 20 R

_K(T,-T,)
9=——" ®)
A AR SPAE, 25TV T 1] A AR A 34,
1/2
eprt| M B
;7T{%wg} (1,-1.) ©)

:—CQE':'; k, Ti’ M, e, Py T R /\DIJ%%FKL,MSB/JE‘J‘%
FE AHRMMEL. WS TE. ZBRRH. BR
R A RAZR SRR, 4

) Y, 1/2
a=P" (10)
kT | 27R,T,

BCA2(8)s (9), 15
T +ahT

== an

B ak (T, —T,)
T (12)

BT F1 5 EEE M % R
o=0,(1-T/T.) (13)

T o NFEFERE T, 85K A7,
oo nac,AT (AT, +ahAT,)"" oh

L AT=T,— Ty

- (14)
ox 1" (1+ah)’ ox
AR R TR e R A P s
o 1 akar T
pv —ivav _ipvlir(l‘f‘ah):l (15)

(15 LGS 73 RIFRR AR AN K v, AR
JFEEN B R R o BRI, v, SR A A,
IR R R R, RS IR AR

Copyright © 2012 Hanspub



RERR VAR I BN A% E M Orr-Sommerfeld 75 #2 3K i 22 34

BEEEIY, v, RN, 2RI PTG K A7 B 4
B, B A S 70N .

4. REMWNS HRE

REE L u, = gd* sin B/2v , FAERT A dfu,
BEERERST N po(ON — W), B ARFAE R~
pogdsin B o LL“*” KRR, 5INTLRENAL R,
WE B Re =uydfv, HBBERFr=u,/(gd)” . F
¥ We=0,/p,gd’sinfp, IR Bi=adlk , ¥
YE¥CN Pr=v/x » Marangoni ¥l Ma = yATd/ uk ,
y NRMTR IR E REL, kK NFRERE, v AEakTE
REG 1 NENIRE R« AT RS Ma, Pr,
Re Z[AI[{19E RN M = Ma/2PrRe »

K Pt 05 18 S 0 5264 (D) 2)(7) SRtk AT o AN
W, BBENFAE— AT N IR A — AN NS
BN, RE:

u :LT+u’,v*:\7+v’,p*:ﬁv,h*=1+77 (15)

:—EQEP @« vy ﬁ\%”{ﬁ%?yﬁ‘bﬁ*ﬂﬁtiﬂ‘/}ﬁy U_I\IJ

2
=yt | AT (i)
2 pop,gdsin | r(1+ad)

Hiahik, FERRAE y TIRBHE 2 EE, R
R AL A o> B ORI E R T S T
R E R I BN E, X PshvIas K AR
ol o —m/hE 1R, U EREARANTTEN
JIREH RO, W BB E KL BT £33
Rz AR

Lo g (17)
ox Oy
' ' — ' 2.1 2.0
Re a—bi+_a—”+v’a—bi :—26—{+2+ 0 ?2 +_8 ?2
ot X oy ox ox° 0oy
(18)
’ ’ ! 2.1 2.1
Re(a—t+ﬁa—v*):—26—{—2cotﬂ+ a—,ﬁ"ﬁa—*"2 (19)
ot Ox oy Ox oy
y*:O’u':V’:O (20)
y :1+n,v'=a—fz+ﬁa—2:m+ﬁnx (21
Ox
o o v yaAld ___on (22)

o A, [1+ad(1+7)] o

Copyright © 2012 Hanspub

. Lo c o’n

(23)

+ 1 akAT ’
 pyp.gdsin B r[l + ad(1+77)]

y =1+n LEBFEMH Y =1 LiERE,
RMERE, KRB ENEMED, Lok AAR
4z, K(22), 23)rTH N7, AR, T
S REhg % <77, HRAFRA TR E.

_ nac,dAT (AT, +adAT,)"”
- puy T (1+ ad)"+l

>

n=xt -
pop,gdsin

| { ak AT } ad o

r(1+ad) l+ad’
o
wW=s——""—
pogd’ sin 8
m, n, Wﬁ%”yﬂﬂ%gﬁﬂﬁ, ?i%?%)jzjj7 i%ﬁ%&jj
MR BIX =N RN Q22), (23), WIS
2— ’ '
a_bz‘n+a_”+@:ma_'7, y=1 (25)
oy oy Ox Ox
Loy o

w—-+nn (26)

P Vo

FIANTCENIREL P (xp,0), 2
, 0¥, ov

N @7)
RN R 1

Re(l//yt + L_ll//xy - ijl//x ) = —Zp; +2+ (Wxxy + Y ) (28)

Re(y, +ity, ) =2p,+2cot B+(v, +v,,) (29

y=0, y,=y, =0 (30)
y=L-y, =n +un, €2y
U+ Y, =Y =M, (32)
;1
P ==V = Wil 0] (33)

X
V/(X,y,t) — (D(y)eia(x’ﬂ),ﬂ(x,t) _ geia(x—ct)
p'(x,y,t) — f(y)eia(xfct)

Hrb g, fo ERNTR AL IR0, RIS

(34)

23



RERR VAR I BN A% E M Orr-Sommerfeld 75 #2 3K i 22 34

y M EENER; o=2nd/2 NTEENEE, L N
K, c=c, +ic, AENMITEEN TR, o KnEaNE
FEHIHRSE, o RERBIE. & HBMWIRE, EA
HON—IRNEIE. ¥y, p's n RN LIRRBTTHEA,
BT B, 3340 R Orr-Sommerfeld 77 F21
prARERLETE

1 B+ 90°KF,
Py —2070, +atp= iO(R€|:(1/_l - c)((oyy - az(p) - Eyy(pJ
¢(0)=¢,(0)=0

p(1)= e+ (1)2
e a3 LR

cot B, (1)+ia (%— lj o, (1)
iaRecot/)’(c—%j—az cotﬂ(§+lﬂ

+| Rea® (C_%}r—bacotﬁ(_

+

; oczw—n)+i053 p(1)=0
et

2

(3%5)
M p=90°, SICHRRE - H,
%w,—nf¢w+1f¢:4aReBﬁ—cx¢w—mﬁ¢)—ﬁww]
¢(0)=¢,(0)=0
—p(1)=—cE+u (1)
(

)=
o, (1)+ [ - ;2—;f$%%49=0
0. (1)+{iaRe(c—%)—3az}¢y (1)

iaRe
+ 12 (n—azw)(p(l) =0

(36)
2k, (36), (37)J7FELL 5y AR AL I AR BE P
LT PRFIR M AR R sh R 1 O-S T %
5. KRB SHT

B p#90E, HEkENE, WK, A
I, sy anAiEE, Hik, PR
SETERS, A& TR KB E g mEs. &

24

(p=¢)0+¢)la+0(a2),c=c0+cla+0(a2) (37

RN O-S T7HE, KRG IC RN AL

. (l—z/d 2 j 1,2 2.
c=1+ia| ——+—Re |+—iam——ian——ia"w
3cotp 15 2 3 3

(3%)

i el LA B SOE YT, 5 S AR e A

F, BRI, B4R RS KRR

YER, FR 5K J1F 2873 JIAE TR 52 #4258 I ke 3 gk
B HIEH .

6. &g

AR FH R B AR pR B IR MR SR THI 5K 77,
WF T 1 45 BE IR 120 5 5% R T R SR V0 A0 VI U B A g
IHCF AR, RV TR R IR ). ZARE )
S shv g, FIHEEELEERE R, 5IANR
BREL, 133 7 FRAE A B RE YRR L RERR M R
AR E R O-S HE. &J5, M B # 90°KY, Xf
O-S JFFEHHT R, SR LENEEE, ST
BE SRR AT, BRI EIEH, Mk
T 3t 3 AN ZEVR D0 E WU 52 38 ZE R I o i Bl A e
EIANEH

7. Bt

R E X B AR R RS RNIUE . 4y E AR
5] 52 R B A& R PE 2 T (51106132) !

SEVHEL (References)
(11 25k, BEshl B sh e Skl R e YR 78 [D]. 4edbs F1 K

2. 2006.
[2]1 HZE oy EHIEREN L AR S R R /T [D]. Ak
K, 2008.

[3] Y. L. Cheng, X. C. Fan. Effect of Stratification on stability of
flow and heat transfer in the liquid film flowing down an in-
clined heated plate. Modern Physics Letters B, 2010, 24(13):
1461-1465.

[4] MR, B4EE, $EE, X H b RRR IR A
R IR ALLT). Jéﬂ:EEﬁjt%#& 1999, 26(1): 7-12.

[51 Motihss, BSCBgE. fHREM] Jbat WS bR,
2006: 211.

[6] S. G Bankoff. Dynamics and stability of thin heated liquid films.
Journal of Heat Transfer, 1990, 112(3): 538-546.

(71 FEAR, R ARLAER I 7K 0 AR AL A e R
M), 4edb IR AR, 2002, 29(2): 50-54.

[8] UMEAE, MEMIIE. YEANH B AR E R TE[T). RLH AT
23R, 1999, 16(4): 27-34.

Copyright © 2012 Hanspub



