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Abstract , ,
lnvestigation has been done to study the effect of rinq-type disuete protrusions having square and triongular

geometry on the vopor-side heattransfer coefficien t of steom durlng condensotion process on o verticol tube. Specimen5
having different pttches of protrusions were studied. Visuol study of the formation of condensofe were dane. ln genercl'
Triongular ilb geometry shows higher value of heot transfer coefficlent compared to the sguore ribs. ln both the
coses optimum value of rib spacing is found to be oraund sns inch for a rib height of opptoximotely ane-tenth of on inch.

Uo : Value of U from the intercept on the
ordinate ol Wilson's plot, Btu/hr. f12;F

h, : Heat transfer coefficient of nietal scale,
Btu/hr. {t!.f

hu : Heat ,r^rlfu, coefficient of the vapor 6lm
Btu/hr. ft2. F

h.o : Heat transfer coefficient of water film,
Btulhr. ft'z.F

V - Vclocity of water, ftlsec.
X : Distance along the test pipe, ft.

lntroduction :

The phenomena of filurwise and dropwise film-wise coadensation ( of the order of 4 to g
coadensation of steam and the associated heat times ). One of the methods to approach drop
aad mars transfer ptocesses have been studied wise condensatiou is to introduce roughDess inbv many investigators hke Nusselt (1), Eckert the path of the condensare film. This ioughness
(21 aud others. Droprvise condensation has a hinders thc formation of condensate film thereby
lery high heat transfer coefficient compared te increasing the heat transfer coefficient.

Nomenclature :

e, K - Constants
P * Pitch, inches
P : Steam pressure,,abeolute, psia
Po - Atmospheric pressure, psia
R : Total resistance to ffow of ' heat,

hr. ft2.FlBtu
U - Average value of over-all heat transfer

coefficient, Btu /hr. ftz.F
hk : Heat transfer coeff.cient of meral wall,

Btu/hr. fta.F
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Researchers Medwell (S), Friedman (4r,
Thsmas (5), bv using different types of roughness,
heve observed an increase iu heat transfer coeffi.
cient and correlated it with the surface coyerage.
Iqbal 1 6 I erarnined the effect of repeated
rib roughness outside a condenser tube and
observed pulsating made of flow and au increase
i,n heat transfer coefficient,

Though plenty of work is done, little is,
however, known about the growth and develop-
ment of the film, the effect of roughness spacing
and its geometry on the heat transfer coefficienr,
optimum size, shape and spacing of the rough*
ness for a particular condeneer.

The present work is an investigation of the
phenomena of film growth and flsw along the
length of a vertical condenser tube having ring
type roughness of (a) square and (b) triangular
cross-section by visual observations and to study
the effect of the rib spacing on the surface
heat transfer coefficient and the heat transfer
to the flowilg water.

Mathematlcal Model :

The process of condensation is extremely
complex to be defined marhematically. It invol-
ves heat, mass and mpmentum transfer and hence
is defined mostly by empirical equations. The
problem can be oimplified by assunring that the
coudensate forms a film on the surface of the
tube. Thus the total resistance to heat flow is
due to (i) the condensare 6lm (ii) the meral wall(iii) the scale on the metal wall arrd (iv) the warer
film. In equation form this can be wntren as ..

R- L: ri"*;1 * i"o*
From equatiou (1), the value of h, can be

obtained provided we know the values of U" h1,
h*, and h*. Here U rnay be obtained from the
heat transfer rate and LMTD whilc h, may be
taken as infinite for clean tubes and hk may
be known from the pipe metal characteristics.
h* may be obtained from established empirical
equations.
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h, can also be determined from
( f ) plotdF shown in figure (i), with
of rhe i<rllowing equation :

l._1_= t_ -L _U KV,,

the calculations are based on equatiou (II)

C4r*nontal set-trp and produccr:

The experimental cet-up, shown in figure
(4, consists of a pair of concentric tubes. Cold
rrtar flows vertically downwards through the
inner tube having riugs on the outside surf"ce.
Through the annular space a parallel flow of
r(crm is maintained at a particular pressure and
temperature. Rings having two types of geo.
m€try and different pirch were fabricated. Rib
gcomerry and pitch are chown in figure (iii).

Pitch was varied from I inch to 3 iuch
rt an interval of ] inch.

Temperature rise oI the flowing water
rloog the tube was measured by lZ thermo-
couples and steam bulk temperature was measured
by 6 thermocouples. Static pressure of the steam
in the annular space was measured by 6 pressure
trppings, s Steam prsssure was controlled by a
control valve. Water flow rate was measured
by weighing condenoate directly.

Visual observations were made at five
sections. At each of, these sections, there were
rwo windows placed at right angles to each
other, one for illumination and the other lor
cbservation. A diagram o{ the section is ebown
in figure (iv).

Results and Discucsions :

Resultg obtained from the experimental
inrertigarion$ are analysed and preseuted under
the followiag heads :

Fr6.{iii)seciloN 0F SpECfMEj.r SHowlNG RiB 6€0ME1Ry 8, pilcH

Wilson's
the help

(I I)

*frrrc

,Al1

111
il+ r; + 

r'--;

IHE TESI PECi MEN

|UET. Dhako

"F16 
(iy)..Sgtlo.tl vjrlv. ot 9?i:_9p shqw,nq ,liutrJmriori ond Fsrlel-'on_g.5



i

I

rl

l Vieuat rtudy of film for square and triangutar rlbs
Squerc rib 3

Rr
Visual observation shows a definitc growth

of condensate film along the length of the tube.
At each rib there is a certain residence time
of the film. When enough condensate is eccu-
mulated the filn jrrmps and joins with the film
of the next rib of the tube where the residence
time dccreases dus to increase in the mass of
condensate. Though the residence time of the
condensste decreases in an irregular fashion
(having no regular time period ) during its
journey over the subsequent ribs in downward
directiorr, the quantity of condensate per jump
increases along the length of the tube. Some-
tio:es the film breaks down at the ribs and
part of it falls freely for some portion of the
tube. This pulsating mode, believed to be a

typical case for square ribs, is a major contro-

lling factor in the heat transfer process.
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Tniangular rlb :

The film had an increasing thiclcness along
the tube upto the ribs. The quantity of the con-
densate flow increased along the length of the
tube. The accumulated volume of the coodensate
at the ribs run down immediately. The residence
timo of the condensate on the rlbs was almost
oegiigible.

During its downward motion at the ribs a
part of the condensate falls outside the tube
surface directly into the bottom of the test section,
while the remaining part joins the conclensate
flowiag down. Thus breakage of the film at the
ribs occurred, which is similar to that of the
square ribs.
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At h{her steam pressure the csndensatiou
ratr incpEter, consequently the frequency of the
flm breekage at the ribs also increases.

k:lurra drop characterlstics on the steam sid6
P

Grrphs plotted with Po and X as ordinate
md rhrcissae respectively. r,6gure' v), show the
lfiffi prttern of the steam with ribbedpipes at
tfic three test pressures, The graphs ehow that
&. static pressure of stea,n decreased linearly
dong the flow direction. 'L'he condensate film
tbiclo,ess for the tubes and the steam boundary
lryer thickness on the inside surface of the

t

outcr tube were calcslated and fouud to be very
small compared to the width of the annulus and

as such will not significautly reduce the steam

flow area affecting the.steam pressure. Thus the
pressure drop is solely due to friction effect and

this has concurrence with the nature of the curve.

Water ternperature characteristicr :

'l'he temperature distributions of water along
the tube are shown in 6gure (vi) and figure (vii)
for tri*ngular and sguare ribs respectively. From
the curves it is observed that the cooling water
temperature distribution has a definite " shape.
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At lower flowrate of the coolant its temperature
rise begins immediately after the entrance into
the test section. After that it increases along a
path of decreasiug slopc. But at higher flow_
rates temperature of the cooliug water remains
constant upto a certain length of the specimen
after the Gntrance and then it follows a path
of exactly the same nature as those of the lower
flow-rates. This nature of the curves is quite
expected, because of the development of the
qhermal boundary layer upto a certain length of
the tube and that larger length is required for
the development of the thermal boundary layer
at higher Reynolds numbers.

Vapor-side heat transfer coefficlencs :

The over-all heat rransfer coefticients of
the various specimens based on the outside tube
diarneter were calculated for all the three steam
pressures and seven fiowrates of the cooling
water by using the experimental data. -Iheit

the vapor sirle heat transfer coefficieuts were
calculated for all the pipes by using Wilson,s
plot. The average values of rhe vapor-side heat
transfer coefficient has been plotted against the
pitch in figure ( viii) and (ix), for rriangular
and fsquare ribs respectively. From these plots
it is noted that the rib spacing of orje inch
gives highest values of heat trausfer coefficient
than the other rib spacings at all test pressures.
The increased heat transfer coeffcient for the
one inch pitch tube is bccause of the fect rhat
the breakage of the condensate film is most
efficient at this rib spacing for these particular
geometries of the ribs. The same figure aiso
shorrys that the higher heat transfer coefficient
occurs at higher steam pressures. It is very
much likely to obtain higher heat transfer coefii_
cient at higher pressures since higher pressure
saturated steam is always associated with higber
ternperature producing a steep gradient. The
values of the vaporside heat transfer coefficient
are also piotted against pressure in figure
(x) and figure (xii. It appears frorn rhese figures

6

that triangular rib shows higher heat transfer
coeffi.cient for all the ribbed specimens compared
to the square ribs. This can be cxplained from
the residence time of the cc_rnderrsate on the
surface of the tubes- Ia the case of square ribs,
since film csnuot florv imrnediately, it will have
a higher residence time and 6.lm growth will
occur which will affect the hear transfer coeffi-
cient. In the case of triangular ribs the con-
densate film cannot grow due ro the inclination
of the rib surface, as a resull high value of
heat transfer coefiicient wiil be olta:acd. This
situation involving residence tir-c and 6im growth
was also confirmed by visual obrervations.
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