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ABSTRACT

An analytical study of direct-contact condensation of
saturated wvapor on a turbulent subcooled liquid film flow i=
developed. The analysis is performed for vertical and horizontal
plate. A simplified theoretical model is developed for adiahatic
wall based on the heat balance and simplified energy equation.
The flow of liquid layer is considered to be steady, fully
developed and turbulent.

The velocity distribution in the thin liquid layer is found
from s=olution of the momentum equation, and the used model of
turbhulence i= the Mudawwar and El-Masri madel with =ome
modifications introduced to take into account the eof fect of
interfacial shear stress. This modified model is used for
counter—-current. and cocurrent. vapor—liquid flow for both,
vertical and horizontal plates.

The local Nusselt number and nondimensional bulk ligquid
temperature are found to depend on parameters such as Prandti
rumber, Reynolds number, subcooled number and interfacial shear
astress parameter.

The results of the theoretical model are compared with that
of some experimental data extracted from the literature, to
Justify the wvalidity of the developed model. Two more turbulence
models by other authors are used to justir vy the choice of the

present modified model.
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SYMBOLS
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NOMENCLATURE
4
area m
empirical constant S
specific heat of liguid kd/ka.°C
damping factor for eddy viscosity defined
by sguation {(3.482) —
friction factor R ——
gravitational constant m/s
iocal heat transfer cosfficient Ww/m.°c
latent heat of condensation kjrkg
thermal conductivity of liguid Wsm. °C
4
Kapitza number —iiwg—___ St
Fo a4
mixing length i
local mass flow rate of liquid film ka/s
' ' h &
local Nusselt number ; -—jriLw i
preEssura {Hfmz}, wetted perimeter i
Frandtl number; _%%—— s
turbulent Prandtl number ; usz— B
volumetric fiow rate m/s
- - 4 r
film Reynolds number 3 7 _
£ {7 <%}
subcooled number hs - s
fg
dimensionless parameter 3 £ g_é
g d F o
temperature °c
axial film velocity mis
shear velocity 3 (r Ip}i/z mSs
W
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b3 coordinate paralisl to fiow
4+
S laminarization parameter: 1- Eart
Lam . +
&
4 coordinate normal to flow
BREEK SDYHMBOLDS
ol thermal diffusivity
r mass flow rate per unit wall width
& film thickness
+ - . i ing - = - Py —
) critical film thickness § 0.8485 {(Re
crit crit
& momentum eddy diffusivity
m
24 thermal eddy diffusivity
e inclination angls
K Yon Earman constant:; $3.40
I dynamic viscosity
» Kinematic viscoasiiy
Fol density
o surface tension
T shesr stress
T,
* e = L
T, dimensionisss parametsr g e
i o ig vi
SUBSCRIFTES
el adiabatic
crit critical
+ bulk
i iiguid Film—vapor interface, at the inlet
i iiguid



Lam 1ami

nar
3] mEEn
= saturation
t turbulent
v vapor
i wall
M axial position
SIIPERSCRIFPTS
= dimensionless
#* dimensioniess, friction velocity
a time ratsa
- mean



