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Abstract-Gas and liquid laminar flows having a phasechanging (evaporation or condensation) interface 
at their common boundary are investigated numerically under the conditions of constant properties and of 
flat-surface boundary layers of zero-pressure gradient. The increase of the normal velocity at the interface 
associated with phase-changing modifies the velocity and temperature profiles so as to reduce the coefficients 
of skin-friction and heat-transfer at the interface. With an approximation for the velocity protile, these 
coefficients are analytically presented as functions of the parameter of the phase-change, that is, the normal 

and parallel velocities and the temperature or the vapor concentration at the interface. 

NOMENCLATURE 

nondimensional stream function; 
nondimensional temperature; 
= 2c,(T,, - T&J/L; 
latent heat of vaporization; 
pressure; 
Prandtl number (V/K): 
Schmidt number (V/E); 
temperature; 
x and y components of velocity; 
mass-fraction of vapor; 
co-ordinates. 

Greek symbols 
4 =fo - (fbE42fd’); 
6, diffusion coefficient of vapor: 

VI, non-dimensional co-ordinate of y ; 

2, 
thermal diffusivity; 

= P2IPII(vJvI)~ 
/ 9 heat conductivity; 
v. kinematic viscosity: 

P1 density; 
II/, stream function. 

Subscripts 
0, interface of gas and liquid: 

1, gas side; 
2, liquid side: 

03, at infinity. 

INTRODUCMON 

THE SOLUTJONS of simultaneous heat and mass 
transfer at the interface between gas and liquid 
flows where evaporation or condensation is in 
progress indicate basic behavior patterns in 
engineering problems of the heat transfer of 
two-phase flow, transpiration or mass-transfer 
cooling, drying process etc. or in geophysical 
problems of water evaporation at the surface of 
ocean or land. Concerning transpiration cool- 
ing mist cooling. ablation etc. much work has 
been published because they offered great 
promise for the maintenance of tolerable surface 
temperature on high speed aircraft, turbine 
blades or rocket-motor nozzle. A preliminary 
and fundamental approach to such problems is 
the examination of the boundary-layer flows 
under the condition that the quantities (velocity, 
temperature, etc.) at the interface are given 
explicitly. For two-layer flows of gas and liquid 
which have an appreciable velocity at the inter- 
face to force the liquid into motion, or a large 

2165 



2166 SUSUMU KOTAKE 

gradient of temperature in the liquid layer. the 
boundary conditions at the interface should* 
however be provided implicitly by the continuity 
relationship of mass, momentum and energy 
flows through the surface between two layers. 

This study is concerned with the theoretical 
prediction of the heat and mass transfer and 
the skin friction for such phase-changing 
(evaporating or condensing) interfaces between 
laminar boundary-layer flows of gas and liquid. 
The fields of velocity, temperature and con- 
centration are interacted each other at the 
interface so that their solutions, if they exist, 
should be given as eigen functions corresponding 
to the boundary conditions at the interface. 
Firstly, a mathematical description of the prob- 
lem is presented and solved numerically. Then, 
in order to make it perspective, their analytical 
solutions are examined approximately. 

LAMINAR FLOWS OF GAS AND LIQUID 
HAVING A PHASE-CHANGING INTERFACE 

Over a liquid layer, gaseous fluid containing 
vapor of the liquid flows steadily and sufficiently 
slowly to form a laminar boundary layer. At 
the boundary of two layers, the interface of gas 
and liquid layers, evaporation or condensation 
takes place corresponding to the state of the 
vapor relative to its saturation. Let x denote 

/ u,,‘:,w 

! 
/ 

Gas 

P,. Y,.X,.G 

the coordinate parallel to the interface, y the 
co-ordinate normal to it, and (u, u) the corres- 
ponding velocity components. Properties of 
gas and liquid are denoted by the subscripts 1 
and 2 respectively. In addition, the free-stream 
of gas just outside the boundary layer has the 
velocity ui o, and the temperature T,,. The 
velocity and temperature of the liquid far from 
the interface are uzx, and T,,, respectively. 
Without any loss of generality, we can assume 
a zero velocity of the liquid at infinity, so that in 
the following we are concerned with the case 

u,.x; = u”& u2cc = 0. 

The mass-fraction (or concentration) of the 
vapor in the gas side is denoted by w which is 
w, at the outer edge of the boundary layer. 

For the case of two-dimensional steady lam- 
inar flow with negligible dissipation of an 
incompressible fluid with constant properties. 
the boundary-layer equations of momentum. 
energy and diffusion in each region of gas and 
liquid can be written as follows in the vector 
form 

a 
5% 

where v is the kinematic viscosity, K the thermal 
diffusivity and E the diffusion coeflicient of the 
vapor, being assumed to be constant throughout 
the layers. The continuity of mass is 

g+g=o. 
Let us consider the boundary conditions at 

the interface of gas and liquid layer. The no-slip 
condition of the temperature and velocity at the 
interface requires that 

FIG. 1. Phase-changing interface of 
gas and liquid boundary-layer flows. U 10 = u20. (41 



HEAT 

The continuity of mass gives 

TRANSFER AND SKIN FRICTION 

(5) 

* (6) 
0 

The shearing force balance in the flow direction 
is 

PIVl ($f)o = PZVZ (2>. (‘1 

and the energy balance that the heat transferred 
to the interface is entirely exhausted for the 
phase change is 

UP,Q = 1, (3), - i2(%), (8) 

where L is the latent heat of evaporation and rZ 
the thermal conductivity. The vapor of the 
liquid has the pressure of saturation at the 
temperature of the interface To, which holds 
Clausius-Clapeyron’s relation 

This yields the mass-fraction, that is, the partial 
pressure of the vapor at the interface; 

w. = - k = exp[g($ -$)I (9 

where R, is the gas constant of the vapor,- Tb 
the boiling point at the ambient pressure p,. 

The foregoing equations and boundary con- 
ditions can be transformed to a more tractable 
form by introducing the stream function 

ati ati u=-@ VUax 

which satisfies the continuity equation of mass 
(2), as well as the following nondimensional&d 
co-ordinate v and the nondimensional&d 

stream function f; 

'I1 = J( > h.Y, ‘12’ 
1 J( ) % *Y 

2 
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JI2 = &,v24 .f2hJ. 

With these substitutions and the assumption of 
fully developed flows that f, T and w are ftmc- 
tions of 11 only, equations (1) are reduced to 

2f”’ + r = 0 (10) 

2T”+PfT’=O (11) 

2w” + Sfi’ = 0 (12) 

where the subscripts 1 and 2 are omitted and a 
prime denotes an appropriate derivation with 
respect to q. P is the Prandtl number (V/K) and 
S the Schmidt number (V/E). In addition, defining 
of nondimensionalized temperature as 

T- L 
h=T 

T- Tl, 
200 

_T ’ 
1.33 

g2=T -T 
la, 2cc 

reduces equation (11) to 

29” -t Pfg’ = 0. (11’) 

The above substitutions of f and g rewrite 
the boundary conditions (3)-(s) as follows. The 
continuity relations of temperature and velocity, 

(3) and (4) are 

910 + B20 = 
1 (13) 

f;, =f;o (14) 

and the mass continuity, equations (5) and (6) 
are 

f 10 = Af20 (15) 

SfIO(l - wo) = 2w; (16) 
where 

A P2 2 =- 

J( >* Pl Vl 
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The shearing force balance (7) and the energy yield the relation 
continuity (8) become 

f;‘o = N-53 

f,, = w7;, + m,& 

1 = F,, + F;() :?1( 
(17) 

0 = AF,, - Fio y 
(181 

that is, 
where 1 , 

Fio =fyo = A 

ml = H:;, m, = AH2, 41(1, a) + Y&l, -00) ! 
v2 

H = 2c2(qa0 - T,,) 
FlO =.I-;, = 

72(L -,x1 

\ (21) 

1 

On the other hand, from equations (11’) and (12) 
and cr and c2 are the specific heats at constant we obtain the temperature and concentration 
pressure of gas and liquid, respectively. fields that 

Denoting the first derivative off as F; 

F, =f;, F, =f; 
> 

that is, 

Sl =_fiO + a F,drlt, X2 =fzo - j Fzdrlz 
92 

(19’) 

we obtain from equation (10) 

2F’+JF’=O 

which yields 

FI = F,, + F;o~r(l,~,), 

Substitution of equations (22) into the boundary 
conditions (16) and (18) gives the relationships 
between the normal velocity, the temperature 
and the concentration at the interface: 

(23) 
(20) 

fiO = - mlglo mzg20 

Y*V,, =)I + Y2P2, -,=t’ 

(24) 

The temperature and its gradient at the interface, 
glo and g;, are thus obtained from equations 
(13) and (22); 

Yz(P, 49 = /ex$/f2h)dn. 

rt 9 

The boundary conditions that at q1 = x) and at 
q2=-m 

F lm = 1, F,, = 0 

and that at the interface 9 1, 2 = 0 

F 10 = F,,, Fio = AF;, 

-f10 + y g2_ mx3) 

910 = 
2 2’ 

cw 

ml 

Y,(Pl, 30) + 

m2 

Y2(P,, - XI 

g;o= - 1 

YlV,, ‘x)) 

--flO + y 
2 
(pm:,=) 

2’ 

ml m2 

YlV,, m) + Y2(P,T -m) 

(26) 



With equation (9), the relationship between 
w. and go, the normal velocities fiO and 
f,,( = A- %,,) can be obtained from equations 
(23) and (25), which are the implicit functions of 
fi and f2; The velocity fieldsf, and f2 are the 
solution of integral equations (19’) which in- 
volves ,fIO and ,&, through equations (20) and 
(21). Thus, the iterative method may readily 
present their numerical solutions. The numerical 
results obtained in such a way are shown in 

Figs. 2-8. The used fluids are air for the gas and 
water, benzene and methyl alcohol for the liquid. 
The physical properties of gas and liquid are 
evaluated at Tim and T,=. respectively. 

The skin-friction coefficient, cP and the heat- 
transfer coefficient, c,, for the gas side are 
defined as 

P,V,W~Y)lO = 
5 = p (u 

1 1m- UJ 

&(~VY),, 

I I I I 
‘II = nl(Tl, - T,,)/x = - “’ 

JH uzx 

Water Benzene 1 
so that f y. and -gio mean the dimensionless 
coefficients, being O-332 for the Blasius profde. 

Figures 2 and 3 indicate the effect of air and 
liquid temperature, T,, and T,, on the friction 
coefficient f;, and the heat-transfer coefficient 

Methyl 
alcoho I 

-gio. These figures show that the coefficients 
are greatly dominated by the liquid temperature, 
although they depend slightly upon the air 
temperature. The dimensionless profiles of 
velocity, temperature and concentration across 

loo 200 300 

T, *C 

FIG. 2. Effect of air tem&ature rI m on friction and 
heat-transfer coefficients (Tzrn = 20°C. wm = 0). 

o’4Y 
I Water I 

OZO 80 100 

T 
ZW * 'C T ‘C 

(4 
2m’ 

fb) 
FIG. 3. Effect of liquid temperature T,, on friction (a) and heat-transfer(b) coeffkients (?,h = lOO”C, W~ = 0). 
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the boundary layer for the air-water case are 
shown in Fig. 4 for various liquid temperatures. 
Figures 5 and 6 show the effect of the vapor 
concentration outside the boundary layer upon 

o’41 
1 , Woter I 



2170 

0.6 
i 

a 

_- 
. 0.4 

0.2 

R 

FIG. 4. Profiles of u-velocity. temperature and vapor con- 
centration at various liquid temperature T’m (water. 

T*_ = 100°C. w= = 0). 

the coefficients and Fig. 7 is the effect of the 
latent heat of vaporization. 

At first sight to equation (26), it is noted that, 
when Tl 4) > T,,, that is, m, and m, are positive, 
the phase-change (J,, # 0) should make the 
heat-transfer coeficient lgiO 1 increase or 
decrease, corresponding to evaporation ( f,, < 0) 
or condensation (jr,, > 0), respectively. The 
numerical results do not necessarily show such a 

‘“1 

I I I I 

0 0.2 0.4 0.6 0.6 

Wa, 

FIG. 5. Effect of vapor concentration wm on friction 
and heat-transfer coeffkients (water T,m = 100°C. 

Tza = 20°C). 
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FIG. 6. Profiles of u-velocity, temperature and vapor con- 
centration for vapor concentration wm (water. T, n = 100°C 

r*m = 2073. 

behavior. This means the importance of the 
influence of the phase-change at the interface 
upon the velocity distributions f, and fi which 
are involved implicitly in y1 and y2. 

HEAT TRANSFER AND SKIN FRICTION 

To make the role of the phase-change at the 
interface more perspective, let us treat the 
problem analytically in an approximate method. 

04, 
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FIG. 7. Effect of latent heat of vaporization L on friction 
and heat-transfer coefficients (water. 7”,* = 100°C. 

TzE = 20°C.w, = 0. L, = 539 Cal/@. 
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Here, we take the value of $, as 

$0 = $0 - $ 
YO 

Equations (1) or (10)-(12) are independent of 
each other so that the fields of velocity, tempera- 
ture and concentration should not be interacted 
through these basic equations. Their inter- 
actions result from the boundary conditions at 
the gas-liquid interface. The change in the 
phase of the fluid at the interface, controlled by 
the temperature field, causes a mass flow normal 
to the surface to modify the velocity and tempera- 
ture distributions across the layers. Such an 
interaction of the fields through the boundary 
conditions at the interface can be represented 
explicitly in the basic equations with the use of 
an intrinsic co-ordinate of the stream function. 

then the velocity can be expressed in the form 

ll = J(ZU@Z) (2% 

and equations (27) are reduced to 

Denote z the intrinsic co-ordinate with its 
origin J;,(x) which is determined later; 

r=+3, 

= a$, a $ --- 
0 

ax az w . 
(30) 

and transform the (x, y) co-ordinates into (x, z) 
with the relation 

Firstly, let us consider the velocity field. Using 
the transformation of 

a aaa a* a 
Y="-9 

-=-- "+O- 
az ax ax ( > ax aZ 

then, equation (1) can be reduced to 

< = i; v,/(~u,,,,) dx 

and the Heaviside operator s corresponding to 
a/a<, we can transform equation (30) to 

$(JtzJ ab - %I 
aZ ) - ‘1’ - ucc31 

[ 
1 8, a(u - u_) 

= - vJ(2upo) aX az 1 
where the Heaviside operated value is denoted 
by[ ].Bysetting 

r = Jr 

g)-?%(3) 
a au = (Y,K,C)- u- T az i 01 az w (27) 

of which the second term in the left hand side 
expresses the non-linear interaction at the 
interface. In the neighbourhood of the interface, 
we can approximate the stream function as 

ti - $0 = %Y + $$,y’ 

where Jlo is the value of the stream function at 
the interface and u,, = aqay, and the stream- 
wise velocity as 

the above equation can be transformed to a 
more amenable form 

so that 

az[u - Q] - 4[s[u - uJ = 
at2 

- [QJ (31) 

where 

Q.= 2 a$, ah - u-0) ~ 2 83, 
v~(2uyo) aX ac Y ax' 

The solution of equation (31) is given by 

cu - %I = &)~~&Z)C~,K) + C,l 

‘50 + L*mCJqo + C,l} (32) 

2171 
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where I, is the modified Bessel function of the where A is defined as 
first kind of order n and 

z = &/(s)y* 

27c : 
A,(C) = - 3J30 -~,/J(W_,(z). [Q,] di 

A=f,_(G$ (36) 
0 

which represents the amount of the phase- 
change and the fluid motion at the interface. 
Setting these relations into equation (35) yields 

fb’ = A(fb’)*{l + Bffb’)*A) (37) 

C, and C, are the constants which are deter- where 
mined by the boundary conditions at z = 0 A = ($)$‘lr(+) = 0.489, 

[u - %lg-0 = lx~,o)~ - $&‘O 
which gives ’ J33 

= "(L)*f($)/r($ = 2.089. 

C, = @) f ($J4-*[424~ 
Solving equation (37) for f g yields 

C, = r(i) 4~%Js)*c-u,l f; = C(l + uA)~ (37’) 

where r is the gamma function. The condition where 

cu - %I + 0 as z + cl) leads to C = A* = 0.342, a = A*B/2 = 0.730. (38) 

W). (%/4-*ct/(2~,0)3 + m. (iJd*c - &I If we adjust the value of c so as to be O-332 for 

= 3T3 [QJ~,/KWjW - l*(z)j dl. (33) 
the case of a flat plate flow (A = 0), values of c 
and a are 

c = 0.332. a = O-723. (38’) 
Since the integral of the right hand side is 
(2Js)- ‘, equation (33) becomes 

As for the temperature field, the Heaviside 
operator transformation correspL+ng to 

r(g). w%m4,.0)1 = m (5,*~*r%l 
rt 

+ 3J3 
-s-*[QJ. (34) 

5 = i KJ(~u,~) d.u 

reduces equation (3:) to 

The inversion transform of this equation yields 

r(i) . @- *JG4,,) = (3,*qc,{ i vJ@4& dxl - * 
““$ ‘,I - 4&s[T - T,] = - [Q,] (39) 

+ + $$j v’~2~,o)d-T3 

where 

3 X’ 

x v,/Vu,,) . Q. dx'. (35) 
Q,==$&‘, TYo=(g). 

0 

Using the expression (f, r~) for (u, y), we obtain 
Subject to the condition that at q = 0 

1 
Uo=U~fb, uo= -i_ 

u v 
I( 1 

(T - T&o = To - T, 

--? fo* 
+ ~{J(2u,,K - u&o 

YO 

as c + x, the solution of 
the temperature gradient gb 
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in a similar form as for&j; (17) gives 

gb = A(Pf;;y i( - go + fb sb 
fb’ > 

f;, = A’$(1 + ad,)2 x n-3. (45) 

With this value off ', ", we obtain the velocity 

+ B(Pf ;)+j$ A 
gradient of the liquid-at the interface 

. W) 
0 f;‘o = A-%(1 + CIA,)~ z A-‘c (W 

Substituting equation (37’) into (40) becomes and similarly the temperature gradient of the 

eb=cP+{(-so+f+J 

liquid 

s;, = c P+ 2920’ (47) 

+ By h A (1 + ad) The temperatures gIo and g20 are determined 

fb’ by the conditions (13) and (18); 

or for the further approximation 910 = 1 - 920 

sb = - &go{1 + P+fb + (1 + 2P3)aA}. (40’) = fro 

Thus, we find summarily for the gas side that 
- c + m,P$ 

> 
{m,e(l + AT) + mZP$}-’ 

f;‘o = ~$1 + ad,)’ (41) 
(48) 

where 

g;o= - c%oU + Ptfio A: = 1 + f;,q + (1 + 2P9u. 

+ (1 + 2P$zA,) (42) The normal velocity f,, is obtainable from 
wb = - &(w, - w,){l + s3f;, boundary condition (16) with equation (43) 

+ (1 + 2S3)aA,} (43) 
f 

2 WC0 -wo& 

where 
lo=? 1-w 

0 

the 

A, =fio -$$. 
(1 +fioS* + (1 + 2S+)aA,:. (49) 

10 When the phase-change at the interface is not 

As for the liquid side, denoting 
so intense that A: 4 1, we can determine A, by 
equation (36), flo by (49); f i. by (45) and w. by 

ir=u --u 0 2, 4 = -flz (9) which are then 

and supposing that the liquid has a main 
velocity u. at infinity, we can follow the same 
manipulation leading to equation (37) and 

A, =flo -$ flo =2cS- we, 

obtain 

pb’ = A(&*(fb + B(P;;)“B}. wo=exp{j$&$---)j O (SO) 

Since we have the relation that 

Al = - f20, 3;, = 0, f;, =f ;‘o, .J x 0 
and finally predict fib and gio from equations 
(41), (42) and (48); 

the above equation yields 

f;‘o = “(f;oY. (LjL$) f;‘o 

Substituting this into the boundary condition 
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values of the latent heat of vaporization L with 
constant liquid temperature 7”,( z To), w. takes 
larger values so that in the case of evaporation 

(fi0 < 0) If10 I increases to reduce f;‘, and 
1 g;, 1 (see Fig. 7). With constant values of L, as 
To approaches q (the boiling point), /Jio 1 also in- 
creases with the decrease off;, and 1 g;, / . 

x ( 2cs-pL - wo A-+ 
1 - w. 2c >i 

(52) 

where 

910 = _ 

+ m,Pj 

( n-+ 
+ (1 + 2pf)a 2&s- * ;- -,“o - 2c 

0 I 

1 
-1 

+ m2P$ . 

The analytical results of equations (51) and (52) 
with (38’) are shown in Figs. 2-7 by the dotted 
lines. It is noted that equations (51) and (52) 
could be roughly valid even for larger amounts 
of phase-change at the interface. 

Certain aspects of the results shown in Figs. 
2-7 are discussed below according to these 
equations. Equations (41) and (42) or (51) and 
(52) show clearly the effect of the phase-change 
upon the coefiicients,f;‘, and g’,o. At the lower 

a.4 I I I ! 

(b-1) (o-1) 

0.3- 

-P 
7 02- 

:\” 

01- 
/I 

---- : f 
10 

(4 
T 

101 * 
"C 

For condensation, (fro > 0), the trends off; o 
and ) gio [ are the reverse for evaporation. As the 
value of L becomes small or To approaches T,,, 
the values offib and /g;o) increase. The higher 
mass-fraction of vapor at infinity, w, increases 
j;,( > 0) so as to make fy, increase. Its effect 
upon 1 g;, / has both positive term which in- 
creases with w, and the negative term of gro 
which decreases with w,. Figure 5 shows that 
the former is predominant at the smaller values 
of w,, though the latter at the larger w,. 

The effect of the free stream temperature of 
gas T,, is attributed mainly to the value of m,, 
which is effective upon the value of gro. In the 
case of condensation, its effect is thus most 
remarkable. 

Finally, we examine the effect of the boundary 
condition at the interface upon the skin-friction 
and the heat-transfer. Figure 8 showsf;‘, and g’, o 
for various conditions of the interface: 

- :-g’ 
IO 

cl* I I I I 

01 32 05 IO 20 

@I L IL, 

FIG. 8. Effect of the boundary condition at the interface on friction and heat-transfer coefficients (a: water, Tzm = 20°C. 
Wr = 0. L = 539 Cal/g, b: water. T, 1. = 100°C. Tzm = 20°C. w_ = 0). 
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(a) The liquid is unable to move, and at the 
interface 
(i) the phase is unchangeable, or 

(ii) the phase is to be changed. 
(b) The liquid is able to move, and at the 

interface 
(i) the phase is unchangeable, or 

(ii) the phase is to be changed (say the 
normal condition), and 

(iii) in addition the temperature of the 
liquid is kept constant. 

All of these conditions cannot always be realized 
physically. but are helpful to understand the 
basic features of the problem. The coefficients 
under the normal condition (b-ii) are close to 
those for (a-i) and (b-i) rather than for (a-ii) and 
(b-iii) where the phase is allowed to change, 
though at the lower values of latent heat they 
approach the values for (a-ii) and (b-iii). The 
conditions of (a-ii) and (b-iii) mean the heat 
insulation through the liquid layer (g; = 0) in 
which more intense evaporation (j’,, < 0) takes 
place with the increase of T,, to makef;‘, and 
Igi0 1 decrease. Under the normal condition 
(b-ii), the normal velocity (-f,,) at the interface 
is insensitive to the gas temperature, T,,, 
though at the lower values of L it comes to be 
dominant likewise for (a-ii) and (b-iii). 

CONCLUDING REMARKS 

The features of laminar flows of gas and liquid 
having a phase-changing (evaporation or con- 
densation) interface at their common boundary 
are investigated numerically under the assump- 
tions of constant properties and of flat-surface 
boundary layers of zero pressure-gradient. The 
normal velocity or the value of stream function 
at the interface associated with the phase- 
changing takes an important role on the velocity 

profile, thus upon the coeficients of skin- 
friction and heat transfer. The phase-change of 
evaporation destabilizes the flows as evidenced 
by the S-shaped velocity profiles. 

The analytical results (41) and (42) or (51) and 
(52) with an approximation for u-velocity pro- 
file, which is most closely accurate near the 
surface, show that the nondimensional co- 
efficients of skin-friction and heat transfer, f;‘, 
and giO are 

{I + 0.723[&, -99 

and 

1 + ef; 0 + O-723(1 + 2P9 f,, 

(fro)’ glo 

-- 

2f;'o 11 

times those for a solid flat-plate, that is 0.332, 
respectively, where -fro, f io, glo are the non- 
dimensional y- and x-components of velocity 
and the nondimensional temperature at the 
interface. These factors for the case of weakly 
phase-changing become 

{I + 0*723(O%4S-*w;--; - I.,,,-$1 

and 

1 + P$i-3 + 0.723(1 + 2PL3) 

x 

( 
().(j(j4s-3w” - w. - 1.51/1-+ 

1 - w. )I 
QlO, 

respectively, where w. and w, are the mass- 
fractions of vapor at the interface and inftity, 
respectively. 
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TRANSFERT DE CHALEUR ET FRO’ITEMENT PARIETAL A UN INTERFACE 
AVEC CHANGEMENT DE PHASE POUR DES ECOULEMENTS LAMINAIRES 

GAZ-LIQUIDE 

RCsmnCDes Qoulements laminaires de gaz et de liquide ayant g I’interface commun un changement 
de phase (haporation ou condensation) sont &udib numiriquement pour des conditions de proprittCs 
physiques constantes et pour des couches limites planes sans gradient de pression. L’accroissement de 
composante normale de vitesse & I’iaterface associb au changemeat de phase modifie les profils de vitesse 
et de temp&ature en rtduisant les coe!%cieats de frottement et de transfert thermique & l’interface. A partir 
d’une approximation pour le protil de vitesse, ces coefficients soat trouv4s fonctions des paramktres de 
cbngement & phase & sax&r ks composantes normale et parall&le da vitesses et la temp&ature ou la 

concentration de vapeur a l’interface. 

WARMEUBERTRAGUNG UND REIBUNG AN DER PHASENTRENNSCHICHT 
EINER LAMINAREN GAS-FLUSSIGKEITS-STRC)MUNG 

Z-men&song-Laminare Gas- und Fliissigkeitsstr6mungen mit Phaseniiberganganeiner Trennschicht 
(Verdampfung oder Kondeasation) als Raadbedinguag wurden numerisch untersucht uater Annahme 
konstanter Stoffwerte und ebener GrenzschichtobertlPchen ohne Druckgradient. Die Zunahme der 
Normal-Geschwingkeit in dcr Trenaschicht. verbunden mit dem Phanseniibergang, modifiziert die 
Geschwindigkeits- und Temperaturprofile, so als seien die Koeflizienten fiir die Hautreibung und der 
Wgrmeiibergang reduziert. 

Mit einer Approximation fiir das Geschwindigkeitsprofil kannen diese Koeflizenten analytisch 
dargestellt werden als Funktion der Pbaseniibergangsparameter, nPmlich: Normal- und Tangential- 

geschwindigkeit und der Temperatur oder der Dampfkonzentration in der Trennschicht. 

TEILIOOBMEH II TPEHLlE HA HOBEPXHOCTM PA3aEJIA FA30ifEMAKOCTHbIS 
dTAMMHAPHbIX TE=IEHEIfl I-IPI? (DA3OBbIX I13MEHEHMFIX 

AIIEoT&a4w-IIpoBeI&eHo wc;lekirioe kxcczke~osakwe ra3OW~KOCTH’#lX I’IOTOKOB rkpkk +a30Bbkx 
kraMekiekiIiRx (ncnapekikie k4nk4 Koki~ekwaukfn) kfa noBepxkiocTkf paanena npa ycz~osarr noc- 
TORHHUX CBOWTB II OT~~TCTBI~I~ rpawekrTa ;laBneiikw B nnocK0~ rkofpakrkwHo~ c.Toe. 

Ysejrusekiue kiopmanbkiotl cwop0cTr-r kia noBepxaocTkf paanena, cBfi3ankioe c @aaoBbIw 
npeapa~ean~ma, BbkabxBaeT kr3Mekiekik4H npof$wrel, cKopocTk4 kf TesfnepaTypbr, npaBo;rff~kfe 
K CHkG-KeHUH) KOa+#ki~eHTOB TpeHkiFI II TenJlOObMeHa Ha llOB3pXHOCTE p33~3JEl. 

Ilp~ IIpH6i'IKiieHHOM npoGpme cK0p0c~~ am Koa@$mweHm npencTas.neHbl aiianmmecm 

3~~l~eaasrrcn~oc~e~o~ napaMeTpa@aamorokisMeIieHnn,T.e.HoplwanbHbIxn napamenbmx 

CKOp0CTel-t kI TeMIIep3Typbl IljIII KOHUeHTP3WlH I-Elpa Ha IIOBepXHOCTli pa3m?m. 


