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Abstract—An analysis has been made to investigate the influence of droplet trajectories and size distribution

of polydisperse droplets on the heat transfer mechanism from an isothermal heated wedge put in air-water

mist flow. To simplify the calculating process, an approximate calculation method with equivalent diameter

theory is used. In the method, the equations of the water film flow have been solved by an integration

method, while the equations of the gas flow have been solved by a finite difference method. The interface

conditions between the water film and the gas layer have been determined by iterating the solutions of
water and gas flows.

INTRODUCTION

ADDING water droplets into a single-phase gas flow
which forms air—water mist flow can enhance the per-
formance of heat transfer from the heated body. The
main reason is that the heat transfer mechanism con-
sists of not only the convection heat transfer of single-
phase gas flow, but also the sensible heat transfer due
to the temperature rise of the water film formed by
the impingement of cold droplets on the heated body,
and the evaporation heat transfer from the water film.
The enhancement of the heat transfer coefficient may
contribute a significant reduction in the size of a heat
exchanger and can also be used for the emergency
cooling system in a nuclear reactor.

In the past, Hishida ez /. [1], and Trela [2] analysed
heat transfer from a flat plate in air-water mist flow.
References [3-5] investigated heat transfer in an air-
water mist flow over an isothermal wedge experi-
mentally and theoretically. In order to simplify the
theoretical analysis, the trajectories were assumed to
be straight lines and congruent with the far-upstream
gas-phase velocity. Goldstein et a/. {6}, and Hodgson
and Sunderland [7] investigated heat transfer in air—
water mist flow over an isothermal cylinder, The for-
mer considered the influence of the trajectories of
droplets without assuming them to be straight lines
and neglected the effect of evaporation, while the latter
considered the droplet trajectories to be straight lines
and also neglected the evaporation effect. Nishikawa
and Takase [8], and Lu and Heyt [9] investigated heat
transfer in air—water mist flow over an isothermal
cylinder, taking into account evaporation in the analy-
ses. The former assumed the droplet trajectories to be
congruent with the gas-phase streamlines; the latter
considered the influence of the droplet trajectories
which were not assumed to be straight, In all the
theoretical analyses mentioned above, the droplets
were considered to be uniform, which means the drop-
lets are monodisperse.

Besides the influence of droplet trajectories, ref.
[10] also considered the influence of the droplet size
distribution of polydisperse droplets on heat transfer
in water-mist flow over an isothermal cylinder. Due
to the consideration of both the droplet trajectories
and size distribution, the process of calculating the
heat transfer coefficient became very complicated. In
order to simplify the process, ref. [11] proposed two
methods using the equivalent diameter theory and the
Lewis relation, and the results were positive.

The goal of this study is to use the equivalent dia-
meter theory to study the influence of droplet tra-
jectories and size distribution of polydisperse droplets
on heat transfer in air—water mist flow over an 1so-
thermal wedge. The results of numerical calculations
are compared with the experimental results of Thomas
and Sunderland [3] to illustrate the validity of the
theoretical analysis. In the analysis, the authors rely
on the related data obtained by Tsay [12] for both the
droplet trajectories over the wedge and the variations
of the size distribution before and after the droplets
impinge on the wedge.

PHYSICAL MODEL

The physical model of air—water mist flow over an
isothermal wedge is shown in Fig. 1. An isothermal
wedge with an upward apex angle is laid horizontally
in an air-water mist flow. The length of the wedge
surface is L, the apex angle is f, the temperature
of the mainstream humid air is 7, and the relative
humidity is ¢, = 100% and the droplet temperature
is Ty The upstream droplets impinge on the wall
surface or water film with impinging velocities V; and
impinging angle o. Because of a higher wall tempera-
ture, the droplets absorb heat energy after impinging
on the heated body which causes both the sensible
heat transfer and the evaporation heat transfer to
occur respectively in the water film. If the impinging
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NOMENCLATURE
C, specific heat [Jkg 'K ] U, velocity at edge of gas-phase boundary
d, absolute size constant of Rosin— layer [ms™']
; Rammkzir‘ size distribution [m] Viaan impinging velocity for droplet size ¢
d, droplet diameter [m] {ms™ ']
D binary diffusion coefficient [m’s '] X¥ Cartesian coordinates
Jwa ~ mass-basis size distribution function of Xg starting poiut of water film [m]. :
Rosin—Rammler size distributi
K mmler size distribution | Greek symbols
g gravitational acceleration, 9.8 ms impinging angl d z
G, mass evaporation rate of water film x impinging angle [rad] ;
[kem~s"'] i apex angle of a wedge [rad] |
G,,  massflow rate of humid air [kgm- s '] d }:]x;:kness of gas-phase boundary layer !
G partial impinging mass flow rate for R . . .
ity P PIMEINg S & thickness of water film [m]
droplet size d [kgm s '] local partial imoi ffici f
G total impinging mass flow rate for M ocal partia impingement cificiency for |
d P droplet size d !
roplets fkgm s 7'] local total imi ent efficiency for
G,.  mass flow rate far upstream for droplets o dO_Ld i‘(t) al impingement efficiency for
[kgm s 1] y: zligg)mbalsconductivit [Wm 'K 7]
Gpo iy mass flow rate far upstream for droplet ) L Y
. s i viscosity [Pas]
sizedfkgm ™ "s '] . Kinetic vi ity [m*s !
h heat transfer coeflicient [Wm ™K '] fetic viscost %/ ms
- I density [kgm ]
H absolute humidity >
T shear stress [N m "}
L length of a wedge surface [m} . S |
. o) mass concentration of humid air, |
M mass flow ratio, G,../G,, H(I+ H) !
N, distribution size of Rosin-Rammler size ).
distribution Subscripts
Nu Nusselt number d droplet diameter
Pr Prandtl number d, equivalent diameter
q heat flux on wedge surface [Wm™?] g gas phase (humid air)
r latent heat of evaporation [Jkg™ '] 1 gas-water film interface
Sc Schmidt number ik grid indices in the X- and Y-directions
T,AT, temperature and temperature i water film
difference, 7,,— 7, [K] w wedge surface
Ty droplet temperature [K] o) far upstream
M, velocities in the x- and p-directions (1) gas-phase (humid air) film
[ms ] ) air-water mist flow.

mass flow rate of droplets is smaller than the mass
evaporation rate on the heated surface, no droplets
remain on the heated surface, and thus a dryout region
(0 < x < x,) is formed. On the contrary, if the
impinging mass flow rate of droplets is greater than
the mass evaporation rate on the heated surface, a
water film will be formed on the surface (a wet region
Xy < X).

In order to simplify the analysis, the following
assumptions are made.

(1) Air-water mist flow is a two-dimensional and
incompressible fluid, while the water film layer and
the gas-phase layer are both laminar flows.

(2) Droplets are solid spheres, in which the motion
of every droplet is regarded as a single solid sphere
motion. In addition, no evaporation, impingement or
combination occurs during the movement.

(3) For making the physical model close to the
actual condition, water droplets far upstream have a
mass-basis Rosin-Rammler size distribution and are
uniformly distributed.

{4) The gas-phase boundary layer is not influenced
by the passing of droplets.

(5) No re-entrainment occurs. Moreover, the effect
of surface tension is not considered in the analysis.

(6) As the mass flow ratio is relatively small and as
the water film is also very thin, water film velocity and
temperature have a linear distribution. On impinging
upon the wedge surface, the droplets immediately heat
up to the temperature of the gas—water film interface.

{7) The properties are based on referential tem-
perature 7, = (7T,,+7,.)/2 and referential concen-
tration o, = (@, +®.,. )/2.

(8) The condition at the wall surface or gas-water
film interfacc is in saturation.
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FiG. 1. Physical model.

The dryout region governing equation

The heat transfer near the tip of the wedge is rela-
tively large, the impinging mass flow rate is smaller
than the mass evaporation rate; meanwhile, all the
droplets evaporated so that no water film could be
formed, thus becoming the dryout region. Therefore,
the water film thickness and wall temperature at the
leading edge (x = 0) are 0 and T, respectively; the
boundary layers of the gas-phase flow begin to grow
there. As X increases along with the wedge surface,
the heat transfer decreases and thus causes the mass
evaporation rate to decrease. Therefore, a point x,
where the mass evaporation rate is equivalent to the
impinging mass flow rate may be determined, the
water film starts to form beyond this point.

So in the range of 0 < x < x,, the wall surface is
covered only by a gas-phase layer, the governing equa-
tions of which are

% %”;:o (12)
T L L
ug%%+vga§’y_g=og%“}—. (1d)

Because the droplets impinge on the wall surface
and are completely evaporated, the boundary con-
ditions are obtained as

y=0, u;=0, vy5=Gly/p,
T,=T., w;=0, y->w© @
g =1tt,, T,=T,, w,=w,

with
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The wet region governing equation

As mentioned above, when x, < x the water film
starts to form, there is a water film layer on the wedge
wall, with a gas-phase layer formed above the water
film layer. The governing equations of the water film
and the gas phase are given below.

The gas-phase layer equations. The governing equa-
tions of the gas-phase layer are identical to equation
(1) of the dryout region, but boundary conditions are
different and can be written as

y:‘él, ug=ui’ ngT;
wg = Wy, vgi = Ge/pg (3)
y—oo, U=u, IT,=T,, @,=0w,
with
—png <awg)
G = EE{E). )
1—(wg)i \ oy /i

The water film equations. From ref. [5], the accel-
eration and convection terms in the momentum and
energy equations can be neglected. Refer to ref. [10],
the continuity momentum and energy equations of
the water film can be expressed separately as

0

o (%
Gpoolliy dx—plg); (J Y dy> dx =G.dx (5)

d
Ty dx = ——5,d—idx+p151gcos <’§> dx+47,dx

[‘[\(dp)max [ ‘ (dél )]
+ SmMa+cosa{ — ) |* Upiax
) i dx pil)

*COS Uy ) dei(d'x):I dx. (6)

In equation (6), the left-hand side is the shear force
on the wedge wall and the four terms on the right-
hand side are pressure force, gravity force, gas-liquid
shear force and droplet impinging force. In equation
(6), Vi) means that the 4 size droplet with velocity
V impinges at position x on the wedge. The direction
of it is the same as dG., shown in Fig. 1. Reference
[13] defines 7., as the impingement efficiency of d
size droplet at position x

gudx = hy(T, = T,,) dx+ G,r; dx
+ Gty Ca(Ti = Ty) dx. (7)

In equation (7), the term on the left-hand side is the
heat flux on the wedge wall and the three terms on the
right-hand side are the convection heat transfer of the
gas-phase flow, evaporation heat transfer and sensible
heat transfer of droplet impingement.

The local total impingement efficiency Ny 1S
obtained from Tsay [12] and defined as
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Ay Dmax
Hay = f Heapo fwiay d(dp)' (8)
() rin

The values of impinging velocity V.., impinging
angle «,, and local partial impingement efficiency
. Were also obtained by Tsay [12].

SOLUTION METHODOLOGY

For the convenience of the analysis, the following
dimensionless variables are used :

X y u,L 1+m w—o,
X=— Y== — =
L L\/( v, 2 > W= o, —w,
. 0, u G
o =2 U, = M= T
' L Uy, Gy

9

u, obtained by Tsay [12].

The numerical solution adopts the finite difference
method in this study which is the same as in ref.
[10]. In the X-direction the backward finite difference
method is used ; in the Y-direction the central differ-
ence method is used ; while non-linear coefficients are
approximately substituted by convergence values in
the proceeding iteration.

The dryout region governing equations
By using the dimensionless variables and finite
difference methods, equation (1) becomes

Uen Ui + Uen Ui 1y
b “Uq Uy = Uey -y Ug— i)
Ueii) 2AX
V(/k)—V(/’k 1)
AY (10a)
U(j_’g Ue(/)U(j‘k) T Ue(j— I)U(,/ )
Ueth AX
Ujskr = Uga—y 1 Uy = Uy
+ij) ) ZAY - Uc(,-) AX
1 1+m Uy =2U 0+ Ugs—
o Y : =0 (1o
+Uc<,/> 2 AY? (10b)
Oy —0c & (2] 4
Uiin "(l’éﬁw + Vi Tk %A Y(Jk n
=74] - 1+m 1 0(],‘+,)—20(,,;)+0(,,(,,, (100)
Ugjy 2 Pr AY
Win—We_ W, W -
Uiio (/,k)zX(/—”ﬁ? + V”’“M'(LH%AY Gk— 1)
_ L m U W n =2Won + Wiy (10d)

2 Sc AY?
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Subscript * denotes the value of the preceding
iteration. The boundary conditions arc

G o, Ll +m
Y=0 U=0, V, = 0w /(,:‘, < )
U=0. 7V, P UN v, 2
0=1, W= ‘
Yoo, U=1,06=0, W=0

(rn

The wet region governing equations

The governing equations of water film. Because the
water film is very thin, the velocity and temperature
distributions can be assumed as

Uy = (;)M (1
TWr-T
— s, (T.—T)

Substitution of equations (12) and (13) into governing
equations (5)—(7) of the water film give

™

I =T, (13)

1 1 1
T2 Uejyu,

Mn, ¥
()Pl u, Uejy

Wy Ui

i-b

. .
21 Uety) Uiy =01
AX

= G f(pUepyu’)  (14)

with
2 /Gg% Ll

M =G, Gy = Peli,

ﬂlei(j)r o
Lo us, Ueijypr

pg(sl)(r/’;g chr)f Ue(/ 3]
U AX

gLé l(/) cos (f3/ 2) Hg

u’ UC(‘,) Lpw, Uy,

u, L1+m (zU *
x v, 2 J\av /.,

) max
+ Gpw 'T(d.x)f wiet) " Upitd.ay

(d

pmin
*COS Uy * d(dp)/(p 1”«30 L’cz{j)) ( 1 5)
A’Iw(l

1(/)) - <50> 1\/(qu 1+Wl>
= /L, e
Lélm oY )i Vg 2,

* T, ——Td
+ T.—T, + Gl G | 08y + T ~7. (16)

The gas-phase governing equations. The governing
equations of the gas phase are identical to those of
the dryout region. The boundary conditions are
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Uy=U, 8,=06, W,=W,

j(umL i—i—m)
Poit U v, 2

Y—w, Us=1 8,=0, W,=0. ]

e

2

The equivalent digmeter approximate calculation
method

During the analysis of air—water mist flow heat
transfer, the trajectories and size distribution of poly-
disperse droplets are correlated with the results,
shown in terms of the local partial impingement
efficiency ny,,,, the impinging velocity V., the
impinging angle o, ,, and the size distribution func-
tion £, {10]. In order to obtain the exact solutions,
the foregoing related numerical values of every droplet
diameter have to be calculated ; thus, the calculation
process is extremely complicated. To simplify the ana-
lytical process, the present study has adopted the
approximate calculation method with the equivalent
diameter theory taken from ref. {11}, in which the
equivalent diameter [13] represents polydisperse drop-
lets, and thus immensely simplify the numerical cal-
culation process. Accordingly, in equations (14) and
(16), 1, is replaced by n4 ,,. In equation (15)

[C0 .
j o Huw Swia Vsl cos Lyt d(dp}

is replaced by

T * Vigg “ 008 Uy xy-

Through these substitutions, the calculation process
can thus be simplified, but the accuracy of the cal-
culations is not affected.

The numerical methodology of the dryout region

Boundary conditions (11) in the dryout region are
substituted into governing equations (10), and
momentum, energy and concentration equations can
be formed into tri-diagonal matrix equations. First,
the velocity distribution U is derived from the
momentum equation ; also, from the continuity equa-
tion the velocity V' is derived, which is substituted
into the energy equation. Then, the temperature dis-
tribution # is obtained ; finally from the concentration
equation the concentration distribution ¢ is derived.
While using this method, the thickness of the gas-
phase layer is indispensable and is approximated by
the result of Eckert and Drake [14]

(18)

where #; is the similarity transform variable,
The convergent condition of the iteration cal
culation is
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U&= Ui ) Uy | <1073 (19)

where superscript * denotes the value of the preceding
iteration.

The solution methodology of the wet region

The water film starts to form at Gy = G- The
point where the water film starts forming is x, and the
grid index is 4. The conditions of the water film are
assumed as

5;(}0) =g, Ua{jm = {, 9i<j0) = L (20)

The solution method of the gas phase is identical
with that of the dryout region. The momentum equa-
tion (15) of the water film can be written as

Uy =8 Ry @n
where
R = Lﬁa}Ue(j}pa [{)_g 5i(}) {};3{)}
| B
& Ue(;}

m} ¥ cos (B/2) Ha
U Uﬁ(i ) Lpu Uny

x| (Hek1tm) (oUY*
v 2 0Y /iy

+ Gl Ppicam | €OS o [0S UZ ;}]-

Uey-n
AX

(22

Substituting equation (22) into continuity equation
{14} and rearranging gives
itn =V (R:/R)) 23

where

R, = 2uq,AX[M ¥
2 = N, )p oo Ung))

85—y Viy-n Vey—ny )
+ 2u AX Uy e Ge;P}Ue(;)Rm . (24)

Thus the energy equation can be written as

Léf{}) 69 *
by =1— P ~4i\zy i

Vo Jfupl Y+m Gk
% L\/(vx 3 ‘)+§"W—Tw

T,—T,
+ Gpoo M Co (H-m + ﬁ—d):l 25

During the simultaneous calculating water film and
gas-phase equations process, when the water fim
equation is calculated once, the gas-phase equations
are iteratively calculated till they are convergent.
When the following convergence conditions are al
satisfied, the calculation process of this step j is
accomplished and the next step is started. Convergent
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FiG. 2. The shapCs of a water film on a heated surface:
(1)M—5><10’ AT, =30K, N. = 3, d/L=2x10"7:(2)
M=1x10"" AT, =20 K, N.=3, d/L =2x10""; (3)

M=1x IO AT“ =2K. N, =4, d/L=1x10""

1

values of the jth step are used as initial values of the
(j+ Dth step if necessary
[} —8:,)/0i,] <107
(Ut = Uig)I Uiy ] < 107
{(6F) — 001 <1077 [
HUEG = U1 U s | < 1077

RESULTS AND DISCUSSION

(26)

In this study, the wedge length L is 0.05 m and the
mainstream temperature 7, is 285.15 K. The relative
humidity of the mainstream is 100%.

Due to the influence on the water film formed over
the heated body in an air-water mist flow from various
factors, the water film may have different shapes, as
shown in Fig. 2. During the calculation, if the thick-
ness of the water film & is less than Sx 10 ¢, the
water film is regarded as nonexistent. Curve 1 shows
that the wall surface is completely covered by the
water film. When the mass flow ratio M is large; in
this condition, the impinging mass flow rate is always
larger than the mass evaporation rate on the whole
wall surface. Curve 2 shows that the upper section
dries out, while the lower section is covered by the
water film which happens when the mass flow ratio
M is not very large. The mass evaporation rate is
greater than the impinging mass flow rate in the upper
section and smaller than it in the lower section. Curve
3 shows that the upper and lower sections dry out
while it is wet in the middle. If both the size of droplets
and the mass flow rate are small, this kind of water
film can be formed. Small droplets in the air-water
flow, which travel more easily circuitously over the
wedge [12], causes the impinging mass flow rate to
decrease drastically and become far smaller than the
mass evaporation rate in the lower section. So the
dryout region occurs again.

W. 8. Fv and R. M. Wu
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FiG. 3. Influence of the temperature difference AT, on evap-
oration velocity Vi (4, =5ms™'. M=5x10 % N =3,
dJL =2x10"").

Figure 3 shows the influence of temperature differ-
ences AT, on the evaporation velocity V. From the
plot the result that while X increases, ¥ decreases
can be derived. Furthermore, the water film becomes
thicker, and the interface temperature 7, becomes
smaller which consequently decreases the evaporation
performance. However, in the lower section, due to
the flow acceleration, as the water film becomes thin-
ner, evaporation thus increases. When the tem-
peraturc difference AT, is greater, the cvaporation
velocity also increases. As in Fig. 3, when AT, = 50
K, the condition of the wall surface changes from the
dryout region to the wet region and then to the dryout
region. Within the wet region where the water film
exists, the interface temperature 7, is less than the wall
surface temperature 7., and thus V', becomes smaller.
In the downstream dryout region. a discontinuous
phenomenon occurs. The reason is that in the latter
part of the wet region, the mass evaporation rate is
gradually greater than the impinging mass flow rate
and part of the water film begins to evaporate. Therc-
fore, the water film decreases little by little, when the
water film disappears, there is only the impinging
mass flow rate left to be evaporated, which suddenly
decreases the evaporation velocity and forms a dis-
continuous phenomenon.

Figure 4 shows the influence of mass flow ratio
M on the Nusselt namber. Nusselt number Nuy,, is
defined as

Nugy = b XA )
o = iy XA % 27

hiyy = 44 /AT,

where 4, is derived from equation (7).

The greater the mass flow ratio, the larger the
impinging mass flow rate becomes, and the Nusselt
number N, increases.

The greater the temperature difference AT, as
shown in Fig. 3, the greater the Nusselt number N, ,,
becomes. The changes of the heated surface are from
the dryout region to the wet region and then to the
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FiG. 4. Influence of mass flow ratio M on the Nusselt number
Nugy (= Sms~, AT, = 30K, N, = 3,d,/L = 2x 107%).
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Fig. 5. Influence of the temperature difference AT, on the
Nusselt number Nug,) (4 = 5ms™, M =5x10"% N, =3,
djL =2x107%).

dryout region with AT,, = 50 K. When the region is
changed from wet to dryout, the quantity of evap-
orated mass decreases suddenly which causes the Nus-
selt number to decrease drastically, the reason is simi-
lar to that described above. When adopting a water
mist flow to cool the heated body, this situation should
be avoided.

The influence of absolute size constant &, on Nusselt
number Nu,, is shown in Fig. 6. When the value of
d, is small, it indicates that there are plenty of smaller
diameter droplets in a mist flow; the impingement
efficiencies of smaller droplets are smaller which make
Nuyy, also smaller. When the trajectory is to be in
straight lines the impingement efficiency of droplets is
larger, therefore Nu, is greater; however, con-
sideration of the size distribution of polydisperse
droplets is meaningless at this condition.

Usually when the mainstream velocity u,, is high,
the impinging mass flow rate of droplets also
increases, as shown in Fig. 7, and Nu,,, also increases.
The contribution of the sensible heat transfer
increases with the increase of impinging mass flow
rate. Moreover, the mainstream velocity also influ-
ences the gas-phase convection heat transfer, but the
contribution is smaller than the former one.

The heat transfer enhancement rate F, is defined by

F, = hgy by (28)
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FIG. 6. Influence of absolute size constant d, on the Nusselt
number Nug, (U, =5 m s, AT, =30 K, M =5x107%,

N, = 3).
28— | LI S
s | B%4 ]
2 [ ——Uamamss 2

-———  5mss
20:'____, am/s L]
L i
/ /
L / //.
] -
o
- ]
o N
0 05 10
L

FiG. 7. Influence of the far-upstream velocity U, on the
Nusselt number Nug, (M =5x1077, AT, =30K, N, =3,
dJL=2x107%.

where /., and A, are the heat transfer coeflicients of
the heated surface in an air—water mist flow and a
single gas-phase flow, respectively. From Tsay [12],
the greater the angle, the better the impinging effect
of droplets becomes and thus F, increases, as shown
in Fig. 8. As position X increases, F, also increases,
but it decreases within the extremely low section of
the wedge.

Figure 9 shows the comparison between the numeri-
cal solutions in this study with the results of Thomas
and Sunderland’s experiment [3]. The apex angle of
the wedge in ref. [3] is 7/9 rad. In order to compare the

1025 A T
o [ ATw=50K ,
Lo - M=5x10
10—
e B =27C/3 3
—— . =7,C/3 ]
1 2; T I bid 1t
10 10" 1

x/L
F1G. 8. Distribution of heat transfer enhancement rate F,
(b, =5ms ' N, =3,d/L=2x10"%).
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Fi16. 9. Comparison of the numerical solution of the pre-

sent study with the experimental results of Thomas and

Sunderland [3] (8 =x/9, M =0057, u, =151 m s,
T,=31375K, T, =30255K, N. = 3).

results, the calculation of the heat transfer coefficient &
is performed by extrapolating the results of =/6, #/3,
n/2, 27/3 rad into 7/9 rad in the present study. As the
droplet size distribution in Thomas and Sunderland’s
experiment is unknown, a quantitative comparison
cannot be operated. Therefore, calculation of the
possible size distribution [4] is taken to have a quali-
tative comparison with the experimental value. From
the figure, one can see that the experimental valuc
agrees better with the larger d, value. The reason is
likely to be that the experiment of Thomas and Sun-
derland was done by placing the wedge in the wind
tunnel. Due to the influence of the wall surface block-
age effect [15], the impingement efficiency will be
greater. Thus when comparing the results of Thomas
and Sunderland’s experiment with that of this study,
their results correlate better with the larger d, value
of the present study.

CONCLUSIONS

The problem of heat transfer from an isothermal
wedge in air—water mist flow was investigated. Drop-
lets with the Rosin—Rammler size distribution were
taken into consideration. An equivalent diameter
theory was adopted in the theoretical analysis. The
following results were obtained.

(1) An equivalent diameter theory is effective in
analysing the problem of the heat transfer of a heated
wedge in an air-water mist flow.

(2) To make the physical model close to the actual
situation, the consideration of droplets suspended in
air-water mist flow with size distribution and non-
linear trajectories is necessary.

W. S. Fu and R. M. Wy

(3) Large values of the absolute size constant
incrcase the Nusselt number.
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Heat transfer from an isothermal wedge in an air-water mist flow

TRANSFERT THERMIQUE POUR UN DIEDRE ISOTHERME DANS UN
ECOULEMENT AIR-BROUILLARD D’EAU

Résumé—On analyse Pinfluence des trajectoires des gouttelettes et de leur distribution en taille sur le

mécanisme du transfert thermique 4 partir d’un diédre chaud isotherme dans un écoulement air-brouillard

d’eau. Pour simplifier les calculs, on utilise une méthode approchée avec une théorie du diamétre équivalent.

Les équations de I'écoulement du film d’eau sont résolues par une méthode d’intégration, tandis que les

équations de I"écoulement gazeux sont traitées par une méthode de différence finie. Les conditions d'in-

terface entre film d’eau et couche de gaz sont déterminées par itération des solutions des deux écoulements
d’eau et de gaz.

WARMEUBERTRAGUNG AN EINER ISOTHERMEN KEILFORMIGEN OBERFLACHE
IN EINER LUFT/WASSER-NEBELSTROMUNG

Zusammenfassung—Der Einflufl der Flugbahn und der GroéBenverteilung von polydispersen Wasser-
tropfchen auf den Wirmeiibertragungs-Mechanismus an einer isothermen beheizten keilférmigen Ober-
fliche in einer Luft/Wasser-Nebelstr6mung wird untersucht. Zur Vereinfachung des Berechnungs-
verfahrens wird ein Néaherungsalgorithmus auf der Basis der Theorie des “dquivalenten Durch-
messers” verwendet. In dieser Methode werden die Gleichungen fiir die Wasserfilmstrémung mit einem
Integrationsverfahren gelost, wihrend die Gleichungen fiir die GasstrOmung mit einem Finite-Differ-
enzen-Verfahren geldst werden. Die Grenzfiichen-Bedingungen zwischen Wasserfilm und Gasschicht
werden durch Iteration aus den Losungen fiir die Strémung von Wasser und Gas bestimmt.

TEIIJIOOBMEH OT M30TEPMUYECKOI'O KJIMHA B IIOTOKE TYMAHA BO3/1VX-BOJIA

AHHOTaIMS —AHATH3HpyeTCs BINAHYE TPaeKTOPHI Kanenb ¥ pacupefieNleHHs pa3sMEPOB NOJIHIUCTIEPCHIX

Kalejlb Ha MEXaHM3M TEIUIOOOMEHA OT M30TEPMMYECKOro HAarpeToro KJjMHA, HOMOLICHHOTO B NOTOK

BO3AYXa ¢ YacTw4kamy BOOBL I ynpouieHHs MPOUECCa CHeTa HCMONBIYETCH METOH IKBHANEHTHOTO

IHaMeTpa. B yKajaHHOM MCETONEC YPAaBHEHMA MNs NMOTOKA IUICHKH BOAB DEHIAIOTCH HMHTErPANbHLIM

METOJOM, a YPaBHEHHS TIOTOKA I'a33—KOHEYHO-PA3HOCTHBIM, YCIIOBHS Ha IPAHMUE Pa3lena IUIEHKa-Tas
OnpeAesIeTC HTEPUPOBAHNEM PeLlEHHH [Tl IOTOKOB BOIbI M ra3a,
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