Condensation Heat Transfer

Condensation occurs when the
temperature of the vapor is reduced below

its saturation temperature.

The solid surface whose temperature IS
below the saturation temperature of the

vapor el
[ ] [ ) : \
+ Two distinct forms of condensation:
- Filmwise condensation _ el

- Dropwise condensation:



Filmwise Condensation

+ When liquid formed by condensation wets the
surface. It is a more common type of
condensation to occur.

+ In filmwise condensation liquid condensate f¢'ms
a continuous film over the surface, this film fl:ws
down the surface under the action of gravity,
shear force due to vapor flow, or other forces.

+ The layer of liquid condensate acts as a barrier to
heat flow due to its very low thermal conductivity &nd

hence low heat transfer rate.



Dropwise condensation

Dropwise condensation takes place when the
liquid condensate does not wet the solid surface.

The condensate does not spread, but forms
separate drops.
These drops in turn coalesce to form large draps

and sweeping clean a portion of the surface,
where again new droplets are generated.

The average heat transfer ccefficient for dropwise
condensation is much higher than filmwise

condensation.




Condensation

* Dropwise condensation:
— Promoted by making poorly wetted surface:

— h could be an order of magnitude higher than in the
filmwise case

— Mechanism not well understood  3ggseés:
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* Film condensation
— Liquid film covers entire surface
— May flow due to gravity
— Charactersitic of clean surfaces
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Filmwise and dropwise Condensation

Film - Dropwise
Condensation Condensation
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Filmwise Condensation: Nusselt Analysis

Idealizations: plate
 Laminar flow

» Constant properties

« Negligible subcooling of liquid

« Inertia effects negligible in
momentum balance

- Vapor stationary, no drag Illlll\
« Smooth lig-vap interface

« Heat transfer across film by

conduction only “lll'll




Smooth Film Analysis

« The first attempt to analyze the film-wise
gg?gensation problem was done by Nusselt in

. By making certain assumptions;
— The flow of condensate in the tilm is laminar,
—~ Fluid properties are constant,
— Sub cooling of the condensate may be neglected,
—~ Momentum changes through the film are negligible,

— The vapor is stationary and exerts no drag on the
condensate,

— Heat transfer is by conduction only, and
— Surface is isothermal.




Laminar Film Condensation
° VerticallFlat surface

2-dimension



Definitions

Film thickness = § at any z location
Width of the plate =W

Vol of elemex:: = (6-y) W dz

Types of forces acting on element

1. gravity force “+ve downward”
2. buoyancy force “-ve”

3. friction due to viscosity “-ve”



Force Balance on Element
Gravity Force =Buoyancy + Friction

T, is the sat. temp. may be < ambient
temp “T.” or = ambient temp “T,”

: dv_
Sinece 7, = ,u_c_i;. . Substitute in eq. 1



and rearranging
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Note

. 2 can be integrated over the cross
section * normal to the direction of the
L-directed velocity V', to get the mass

flow rate of condensate, ’”/
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Heat transfer equation
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The wetted perimeter p, the condensate cross-
sectional area A, and the hydraulic diameter D, for
some geometries

o
p=nD p=2L
A = D6 A =2L6
4A 4A
Dh= < =46 Dh= = =46
p p

(a) Vertical plate (b) Vertical cylinder (c) Horizontal cylinder



Note 1

Re can be written (. terms of Conv. codf
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Note 2

* Experimental values of the convective coefficient can
be as much as 20 % higher than those predicted by eq.
(8) for laminar flow;
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Turbulent Film Condensation on a Vertical
Flat surface




Laminar Film Condensation on an Inclined Flat
Surface

use the vertical-plate eqs,lut
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Where © is the angle Of'

inclination 0} the Pfal'e
with herizental.



Film Condensation on a Vertical Tube
Corre lations o; vertical
plate con be used for
Vertical tube if the Film
thickness  ostside diam.

Re, = 4™ 77D is the
$ “1p e Witted Perimeter
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for one tube

3 |
T - (l-a ey h o h .
h=zom8 ‘lf (-Tw) D ] vt

where D: outside diam o 08)

AComfar:toa of E‘ (%) 2(\S) for &
condensation on a Vertical tube
o Lcug"'\ L and & horvizontal btube
of dieam D , Qives

hvtrt i

= = 13 (&) For agive,
th't (Ts-Td,

The &wo Cotm‘r becoame ¢1u¢J Whien

L=2.31D l verbrcel 4tube OF kn,ﬂ.

L 23 4tnmes the diam of hors zental

cubpe .



when L= jooD D W“ﬂ-:mu (N
T:CVQFOR, hoﬁz“‘\-ql tuwbe arrange-
meats are P«ferﬂJ & verkiea
tube arcanaements {, condenter

dCSisno



FOf J Etuwbes yerH c..l\\5 aveve €ach

O ¥ner Py ’k he iy
- ~ 9530 IYf)Re g
ohR- i oon Y T8TOID
o\ !
w2 h.) I 9
ﬂo&"‘

) g Prqc‘hc.-e, it is better
T use index Vg i~ skead of

Ve - _
‘h‘ = W. J G ----Oy

4tune
Dundle



Comparison

Average Heat transfer Coefficient

* For a vertical flat plate:

* For a horizontal tube:




Film condensation within Horizontal
Tubes

* For low vapor velocities, the following expression for
condensation of refricerants can be used

V., ID,

Rep = < 35000

V.,

o,

Condensate

Condensation in a tube con-
veying a two-phase mixture at a low flow
rarc



the Chato Equation has been derived:

- L—p,/p kb, |
hﬂ:U;SSS gpf[ o pf) Ty
v(T, ~ T,)D,

where V, is the average velocity of the vapor, ID, is the inside diameter
of the tube, and

o= hfy ta,T, — T,
Reynolds number cvaluated at the inlet temperature

Liquid properties at (T, + T,)/2
For hiigher flow rates, the flow becomes quite complicated. Correlations

are available in the literature, however.




