EEFROIM ERlEiA SEREHEE0 BB ey %

An analytical study on the heat transfer of the laminar

filmwise condensation on a vertical surface

Abstract

T F O
EE T HA)

Two phage boundary layer equations of laminar filmwise condensation are solved by an app-

roximate integral method under the following condition; saturated vapour flows vertically down-

ward over a cooled surface of uniform temperature, the condensate film is so thin that the

inertia and convection terms are neglected.

The following conclusions are drawn under the above assumptions.

1. free convection

In case of the linear temperature profile in a liquid film, numerical results for the average

. l
coefficients of heat transfer may be expressed as Num=4/3:(Gri/4. H)* and in case of the

quadratic profile, numerical results may be expressed as Num=—2/1.682: (Gn/H): .

2. Forced convection

When the temperature profile is assumed to be linear in a liquid film, numerical results fir

1
.the average heat transfer coefficients may be expressed as Num — (A, Re:/H)*. This express-

ion is compared with the experimental results hitherto reported;

For theoritical Nusselt number (Num)s<2X10°, the experimental Nusselt number (Num) ez

is on the average larger than theoritical Nusselt number (Nua): by 30%.

For (Num)wm >>2X10*, experimental Nusselt number (Num)ez is about 1.6 times as large as

theoritical Nusselt number (Num):n. These large deviation may be caused by the presence of

turbulence in the liquid film.

In case of the quadratic temperature

profile in a. liguid film, numerical resulis

-

for the average coefficients of heat transfer may be expressed as Nus = (2-4 -Re/H)}. This

formular shows that theoritical Nusselt number (Num)em is larger than experimental Nusselt

number (Num)ez by 60%.

It is speculated that when the temperature difference between cooled surface and saturated

vapour i1s small, temperature profile in a liquid film is quadratic.
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Fig. 2. ' Velocity and

temperature profile in body

force convection.
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Table 1. Examples of parameters Pr, R, H and

limitations of (Ts—Tw)

T. |P.| R Tﬂf“xw (Te—Tu)s | (To—Ta)s
Water 100| 2 |200( 1 50 50
Acetone {561 3| % 1 35 100
Benzene | 80,1 5 [120 1 2 15
Ethandl  [78.4) 11}150] 0.6 15 7

Ts - Saturation tempcrature

(Ts—Tw)s - limitation of temperature difference for body
force convection
(Te~Tuw)r : limitation of temperature difference for forced

convect iom
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Fig. 3. Local coefficients heat transfer in natural convection.
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Table 2. Comparision of heat transfer coefficients
in forced convection

R-H H X 10° A X 10 N
VRex

10 3.478 3.380 0. 493
8 3.288 3.210 0. 494
6 2.692 2.660 0.497
4 1.910 1.934 0. 503
2 1.003 1.102 0.524
1 5.145X 107 | 6.705%10 | 0.571
0.8 | 4.116x107 | 5.808x10" | 0.594
0.6 | 3.102x107 | 4.912x10"* | 0.629
0.4 | 2.080x10 | 3.966x10" | 0.690
0.2 | 1.046x10" | 2.874x10"* | 0.828
0.1 | 5.287x10 | 2.165X107 | 1.012
0.08| 4.181x10 | 1.075x10 | 1.087
0.06| 3.136x10* | 1.770x107" | 1.188
004 2,094x107* | 1.523x10" | 1.349
0.02| 1.057x ~*| 1.191x10" | 1.679
0.01| 5.310x10™ | 9.380x10* | 2.101
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Fig. 6. Local coefficients of heat transfer in forced convection.
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Table 3. Ratios of heat transfer coefficients for 90 | 70 | 17574| 21800 32804 |H : 9.683%10”
temperature profile in forced convection, 80 | 1788|2900 35069 | v. : 3.1870904% 10"
RH | Nueht Rew | (Nod Ay | Nand (Vn)’ 60 13025_ 21800 | 32381 |R- H: 0.9%
_ = 9 | 70 | 19469 26200 | 34975 |H : 5.088x10"

10 0. 492 0. 967 | 1/1.965 80 | 20814] 30000 | 37391 |ve : 3.0msimexge

8 0.493 0. 969 1/1, 966 60 | 18741 22000 | 33288 R H: 0.7

6 | 0.4% 0.975 1/1 966 % | 70 | 203 27500 | 35955 [m : a0

2 0.516 1.000 1/1.941 80 | 21640( 32500 | 38435 (v. : 3.05031648x10°

1 0.522 1.031 1/1.869
0.8 0.571 1. 048 1/1.837

By Wurster

0.6 0. 600 0.79 1/1.797 E—

0.1 0. 944 1. 550 1/1.643 To (U | (Now)or | (Nuw)ess ) 3L
0.06 1.105 1. 796 1/1.625 R-H: 9525
0.02 1. 557 2.498 1/1.605 B | M| 208 21000 | H : 3.505x10°
0.01 1.947 3. 106 1/1.596 : v, 1 5,62321456X 107
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