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CHAPTER - 1 .

1 . INTRODUCTION

1 .1  Advances In  Heat Transfer And Importance o f  Condensation 

In Process Industries-.

The fast growth of chemical industry both in  complexity 

and number made i t  extremely necessary to work for the rapid 

development of process planning and equipment with a strict  

control over the cost involved. Heat exchangers are one o f  the 

omnipresent equipment found in  chemical industries . As a natural 

consequence this particular  chemical plant equipment plays a 

v ita l  role in  the economics o f  various process in d u stries . Keep­

ing  pace with the tremendous technological advancement in  all 

spheres o f  science and technology/ researchers, in the d iffe ren t  

parts of the globe are trying to improve the operational e ffic ie n c y  

of various types of heat exchangers during the last few decades, 

and the need to augment or  intensify  heat- transfer has inspired  

engineers in  searching for new methods and techniques. M otivation 

has not only  come from the economic pressures but also from deve­

loping technology requiring  more e ff ic ie n t  equipment smaller in  

size  and lesser  in  weight.

Condensation is  a process of phase transformation from 

the vapour to the liq u id  state. The importance of condensation 

lies  in  the fact that this  phase transition  forms an integral 

part of every Rankine power generation cycle, production o f  

liq u id  oxygen and nitrogen, chemical process plants and many 

other cooling devices o f  industrial use* In  d iffe r e n t  industrial 

applications involving condensation heat transfer , a very



o

common approach to escalate the e ffic ien cy  of the process/ is to 

increase the heat transfer c o e ffic ien t . Only recently theoretical 

modelling and comprehensive experiments have been reported in 

order to define more clearly the conditions of augmentative 

techniques with improved heat transfer.

The various augmentative techniques adopted are/ in 

b r ie f , to have flow  separation or flow injection  with the help o f  

ejectors , sim ulating rotational or vibrational motions, appli— 

cation of hydrophobic coatings, extending the effective  heat 

transfer  surface or by the promotion of turbulence, to name a 

few . These techniques have been discussed in Chapter - 2 .

1 .2  Objective Of The Present Investigation .

The main objective  o f  this  work is to study the heat 

transfer characteristics  in a process of condensation o f  pure 

vapours in  p erio d ically  constricted tubes/ precisely , diverging- 

converging type o f  tube system. It is  also intended to examirife 

the enhancement o f  heat transfer coeffic ient  in the proposed 

system compared to that in  the straight tube* Relevant literature  

survey reveals that practically  nothing has been reported on the 

condensation o f  pure ( or  mixed ) vapours on a surface with vary­

ing  cross sectional area like diverging-converging system, 

although s izeable  amount of theoretical and experimental work 

has been performed and reported in  the literature  for  condensa~ 

tion  o f  vapour on inside  and outside surfaces o f  straig h t  tubes 

at horizontal o r  v ertical p o sitio n s . Chapter-2 gives d e ta il  

literature  survey.
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In  view o f  the objectives stated, mathematical analysis 

for condensation of pure vapours in  diverging-converging, tubes 

has been attempted. Chapter - 3 contains mathematical analysis 

in  d e ta il . Experiments have been performed to v er ify  the v a lid ity  

of the theoretical values computed from mathematical models. 

Chapter - 4 and Chapter - 5 are dealing  with experimental 

procedure and results and discussion respectively .

1 .3  Scope For Future Development,

Since the present work has been confined essen tia lly  to 

the filmwise condensation of pure vapour characterising Newtonian/ 

ircompressible and laminar/ there is  excellent scope for future 

extension o f  this work to - '

a) condensation of mixed vapours ( both Newtonian and 

non-Newtonian);

fa) dropwise condensation ( both pure and mixed vapours ) ;

c) condensation o f  vapour mixed with non-condensible;

d) compressible flow, and

e) unsteady state transfer.

The heat transfer  study could be extended further  to -

i) tubes in  horizontal p o sitio n ; 

i i )  heat transfer  with constant heat flux  but variable  

wall temperatures; 

i i i )  flu id s  w ith  density and v isco sity  highly  dependent 

on temperature/ and 

iv ) heat transfer  with chemical reaction .
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Studies in  these directions w ill  be attractive as the 

system promises excellent prospect for improved and e ffic ie n t  

means to augment heat transfer in  process equipment.
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CHAPTER - 2

LITERATURE REVIEW

The present state o f  art in  condensation heat transfer 

is  most completely covered in a publication  by Isachenko [lj 

and in  well known books on heat transfer theory by Kutateladge}21, 

Eckert and Drake i 3 j Collier R-l .

The literature survey in the context of the present 

work is  prim arily  concerned with condensation of single component 

system i . e .  pure liquid  and its  vapour in  vertically  mounted 

surfaces . The literature  on filmwise and dropwise condensation 

as well as various methods of improving the condensation heat 

transfer  has been reviewed. However, certain areas have been 

omitted because they are either not directly  relevant to the 

present work or  the present state of knowledge does not allow 

a coherent statement which might have wide spread acceptance.

2 . 1  Film Condensation.

2 .1 .1  The Nusselt Analysis For A Laminar Film .

As early as 1961,. Nusselt |5j f ir s t  analysed film wise 

condensation of saturated vapour on vertical surface kept at 

uniform temperature„ The analysis considered cases of stagnant 

Vo.pour without interphase shear and second of a moving vapour 

with interphase shear. In  the second case, the interphase, shear 

was related  to the velocity  o f  vapour flow and interphase 

fr ictio n  factor-, Assumptions made in  the analysis  are as fo llo w s :



(1) The flow of condensate in  the film  is  laminar^ 7

(2) Condensate flu id  properties are constant,

(3) Momentum changes of condensate are neglected ( i .e .  

there is  essentially  a static  balance of fo r c e ).

(4) Liquid  film  is  incompressible.

(5) Interfa c ia l  resistance to heat transfer is  n eg lig ib le .

(6 ) Axial conduction in  the film  and viscous dissipation  

is  neglected.

(7) E ffect  o f  Convection in  the film is  neglected.

(8 ) The vapour is  stationary and exerts no drag on the 

downward motion of the condensate.

(9) Interphase friction  factor is  constant and based on the 

wall shear for any £Low of vapour forced along the 

vertical surface.

(■10) Velocity  o f  vapour flow  in the computation of interphase 

shear is  taken as the value far  away from t h e .w a ll ,

2 . 1 . 2 .  Improvements To The Original Nusselt Theory.

During 1 9 3 0 's  Jacob and. his co-workers set forth to 

investigate  experimentally the range of v a lid ity  o f  N usselt1s 

solution/ when applied to the condensation inside  tubes. This 

work resulted in  papers by Jacob/ Erk and Eck [6 j and Jacob £7j . 

Experimental work involved condensation o f  saturated and super­

heated stead in  vertical tubes near atmospheric pressure . In  

these experiments the tube surface temperature was kept uniform 

and the in le t  vapour flow was fu lly  developed. For very low 

in le t  steam v e lo c itie s / N u sse lt 's  simple theory on the 

assumption that no interphase shear occurs leads to results in  

close agreement with these heat transfer  experim ents. For h ig h er



in let  vapour velo cities  agreement was observed with extended 

(non-zero interphase sheer ) Nusselt theory only in  the entry 

region o f  the condensation process. This prompted Jacob e t .a l . /  

to relax  assumption n o . (10) in N u sse lt 's  treatment. The result­

ing equations were solved numerically for particular  data at hand 

and good agreement in  heat transfer w ith  the experiment was 

obtained for a moderate range of steam velocities  and temperature 

d iffe re n c e s . With high vapour velocities  and high values of 

temperature d ifferences/ consistant under-prediction in  heat 

transfer  rate resulted .

The o rig in al analysis was then extended by Bromley |_8 j  

who considered the e ffect  of subcooling of the condensate and by 

Rohsenow who also allowed for the non-linear d istrib u tio n  of 

temperature through the film due to energy convection. Rohsenow 

showed that the latent heat of vaporisation term in N u sselt 's  

equation for average heat transfer co effic ien t  should be replaced 

by#

X  = A F l  + 0.68
where/ T = T . - T

gi w

and ^  = Latent heat of vapourisation 

T_^ = In te r fa c ia l  temperature 

T = Wall temperature 

C = Specific  heat of liq u id  phase.

C . A T  *
—2--- - j ..........................  (2 .1)

A
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Sparrow and Gregg jlOl using  boundary layer treatment

removed assumptions no. (3) and considered momentum change in  the

film . For common flu id s  with Prandtl number around unity the

result obtained shows that the momentum effects are indeed

n e g lig ib le , but for liquid  metals with very low Prandtl number

the heat transfer coefficients fa ll  below the Nusselt prediction

with increasing ( C . ^ T /  X  ) .
P

and others have considered the influence of the drag exerted by 

the vapour on the liq u id  film . There again the assumption made 

by Nusselt, n o . (8 ) ,  appears ju s t if ie d  at Prandtl numbers around 

u n ity . For the condensation o-f liquid  metals, however/ the 

inclusion  o f  the interfa c ia l  shear effect  does cause a further 

reduction of heat transfer substantially .

A number o f  workers J13l have considered the e ffe c t  on 

inclusion  of variations  in  physical properties across the 

condensate film .

saturated vapour in  forced flow in a vertical tube has been 

conducted recently for  fu lly  developed velocity  p r o file  at the

conditions of practical interest it  is  found that the condensation 

process is  governed by five parameters. These are the ratio of 

vapour Froude to Reynolds number, Buoyancy number, vapour to 

liq u id  v isco sity  ratio , liquid  Prondtl number and Subcooling

More recently Chen [ n ]  , Koh, Sparrov; and Hartnett 112]

An analytical study o f  filmwise condensation o f

in le t  and at constant tube wall temperature*. For a wide range o f

number, f~ Cp . (Tsat" Tw) / hfg { / w here/ h f = enthalpy o f



evaporation and C = specific  heat o f  liquid.Com parison o f  the 

results with N usselt 's  analytic solution o f  constant interphasa 

shear is also made and i t  is  found that at high pressures, high 

Prandtl numbers and high ratios of Froude to Reynolds number, 

N u sse lt 's  solution underpredicts the condensation length and film 

thickness and overpredicts the interphase mass and heat transfer.

2 .1 .3  Influence o f  Turbulence.

Even at relatively  low film  Reynolds numbers, the 

assumption that the condensate layer is  in  viscous flow  is  open 

to some question. Experiments aimed at measuring the average 

thickness o f  liquid  films flowing down vertical surfaces do 

confirm the Nusselt equation, but examination of the surface 

structure o f  the film  indicates considerable waviness. This 

waviness may account for  the observed differences between

theoretical and experimental values . For long v ertica l  surfaces 

i t  is- possible  to obtain  condensation rates such that the film  

Reynolds number exceeds the c r itica l  value at which txirbulence 

begins .

Experiments on condensation in  vertical tube have been 

in it ia t e d  prim arily  to clarify  the effect  of in let  vapour 

v elo c ity  and condenser tube length on the rate of heat transfer  

{__16-19 1 . These studies indicate that long tubes and high in le t  

vapour v e lo c ities  cause a substantial part of tube surface to be 

covered by a turbulent liquid  film , and transition  from laminar 

to turbulent liq u id  film  occurs at a very low value of film  

Reynold Number [^18^19,20 J . A nalytic  m odelling o f  Carpenter



and Colburn £l8,19*| considers turbulent liq u id  film  with non­

zero interphase shear stress. In the analysis the resistance 

to heat flow is  considered to be only in the laminar sublayer 

o f  the turbulent film  and interphase shear is  calculated using 

correlations for  adiabatic,. co-current,, gas-liquid system. 

N u sselt 's  assumptions (2 ) to (7) are again invoked. The equation 

for  the 'local heat transfer co e ffic ien t  resulting from this 

treatment is ,

I'"2 2̂

r _ k j V i _  o .o45  . 7  .................. (2 . 2 )
l~ I L X 1 7 ■ W

P i  ~1

where, ~y is  the shear stress of the outer edge o f  the laminar 
( w

sublayer. ( i . e .  the wall shear stress )

Refinement on the liquid  film  structure was in it ia te d  by 

Dukler who used D e iss te r 's  and Von Kerman's expressions for

eddy v isco sity . Kunz and Yerazunis ^2 2^ went a step further by 

including  interfa c ia l  resistance effects  and variation  of the 

ratio of the eddy d iffu s iv it y  of heat to the eddy d if fu s iv it y  of 

momentum with Prandtl and Reynolds number. The usefulness of 

these theoretical predictions confirmed by the good agreement 

between values of local heat transfer  coefficient  along the length 

o f  the tube calculated from D ukler 's  analysis and measured by 

Carpenter. [l9j

With the help o f  further experimental data, Soliman, 

Schuster and Berenson have improved the Carpenter and

Calburn treatment and m odified equation (2.2) as,



An analysis based on the conditions of constant heat 

flux  and uniform in let  vapour velocity  is  presented by 

Shekriladze and M estvirishvilJi £2 4^ . In  their  analysis the shear 

stress at the iiquia-vapour interface is  determined from single 

phase boundary layer  equations. In  comparison with their  

experimental data w ith  steam the vapour velocity was set equal 

to the tube in let  velo city . Good agreement was obtained, 

probably due to low value o f  condensation rates.

A paper by Isachenko et . a l . |2 5] studied the effect  of 

a laminar and turbulent vapour core on laminar liq u id  film .

Their experiments with steam at atmospheric pressure, tube inner- 

diameter of 10 num ., condensing length of 390 m.m. and tube in let  

steam velo cities  to 50 m/'s show that,

1) Liquid film  was always laminar.

2) In  laminar vapour flow for Re , . 3000, the steam
s*cs am

velocity  has no effect on heat transfer i . e .  N u s s e lt1s

simple theory can be used.

3) For Re , "> 3000, interphase friction  increases heat
steam '  ' x

transfer .

They have given correlations for local and average 

values o f  heat transfer  coefficients  in  terms o f  vapour to 

liq u id  density ratio , vapour to liq u id  v iscosity  r a t io , tube 

in le t  steam Reynold 's number and condensate film  Reynolds number.



2 .1 ,4  Heat Transfer In Film Condensation Of Quiescent Vapour 
On Vertical Surface.

It  is known that Nusselt formula has a very

lim ited region of applicability , since the condensate film 

fa ll  in  a purely laminar flow is  realised  at a very small 

Re yno1d s • number.

At Re 5, formation of waves is observed in  a fa llin g  

film  that enhances the heat transfer rate . ^or the film  Reynolds 

number, which characterises the onset of rippling  Kapitsa {26j 

suggested a relation assuming a capillary  nature o f  waves.

Recent studies (27j have discovered gravitational waves on the 

surface of the fa llin g  film which are accompanied by capillary  

waves. To calculate heat transfer over the range o f  the film  

Reynolds number 5 ■/Re 1 0 0 , the authors ["l,28^J have 

recommended to add an emperical correlation term, as given 

below, in the Nusselt formula to. allow for the effect  of the 

waves on- enhancement o f  heat transfer.

hv/b o = Re0 *04 . . . . . .  . . .  (2 .4 )

where, hv and h are the coefficients  of heat transfer  calculated 

using the Nusselt formula and formula t ilt  respectively .

With further growth o f the film  Reynolds number the 

wave mode' o f  the condensate flow  is  replaced by the turbulent 

mode. The process of heat transfer under turbulent condition  

is  reported in  f^2, 23-32 j[ . The relationships suggested in  

these publications are having the follow ing  functional
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characteristics,

h 1 /3
~  ) . = f (Re , Pr ) .............................-. (2 .5 )

where, h = C oefficient  of heat transfer ( determined

experimentally ) . 

k = Thermal conductivity of the liquid ,

$  = Kinematic Viscosity, 

g = Gravitational acceleration

Condensation of quiescent vapours o f  d ifferent  liquids 

on vertical tubes has been studied experimentally by many 

authors jj33-39"J . Figure 2 .1 ,  shows the data for the water 

vapour. Attention is  directed to the large spread of experi-

O O
mental points, especially  in  the range 10 \ Re ^  10 , 

which corresponds to the transition, regime. A sim ilar figure 

could be presented for vapours of other substances. The results 

of most of the studies were obtained in  a narrow range of film  

Reynolds number. Figure 2 .1 ,  also presents a. comparison o f  the 

experimental data with the relationships given in |2 , 28~3oJ .

It  can further be seen from figure 2 .1 ,  that in the 

region of the laminar and laminar-wave regimes the experimental 

data are fa irly  well described by the Nusselt formula with the 

correction factor given in equation ( 2 .4 ) ,  for the wave .flow  of 

the film . Formulae suggested for the turbulent regime £2,23-30^] 

d if fe r  s ign ificantly  in  the region which corresponds to transition
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from the laminar wave to the turbulent flow  o f  the film . The 

v a lid ity  of these formulae cannot be fu lly  assessed on the basis  

of the experimental data presented due to the large spready o f  

.the experimental po ints .

Figure 2 .2 /  shows the results o f  the investigations 

with water vapour 134 J and freon-21 [40j  . The Reynold 

number in  these experiments/ with water vapour/ varied from

25 to 1200/ while with freon-21, it  was in the range o f  

10 •<! Re 4300 , thus converging the laminar-wave, transition  

and turbulent film  flow regimes. Comparison with the theoreti­

cal relations shows that upto Re 100 , the experimental 

results agree very closely with those computed from Nusselt 

formula with the correction for  the wave motion ^equation ( ,2 .4 ) | .  

As seen from figure 2 .2 ,  there is  a vast range of the Reynolds 

numbers, 100 Re ^  1000, in  which heat transfer  rate is  

practically  constant, this  appears to be clearly  discovered for  

the fir st  time in  [ 4 1 ^ .

2 .2  Dropwise C o nd ensatio n ..

In view  of the large heat fluxes observed, in  dropwise 

condensation this  subject has received a considerable amount o f  

attention . The mechanism of dropwise consideration is  s t i l l  a 

mistsry and quite contradictory statements are common in  the 

literatu re . Due to complexity, an exact analysis is  v ir tu a lly  

im practicable. However, several models have been proposed to 

approximate the condensation process but over s im plifications  

invalidate some o f  these. Jacob f 4 2 J f ir s t  postulated that
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condensation in it ia l ly  occurs in  a filmwise manner on a thin 

unstable liquid, film  covering all or part of the surface . On 

reaching a critical thickness the film  ruptures and then 

transforms into droplets by surface tension process. This 

process then repeats it s e l f . This mechanism has been reiterated 

in a number of m odified forms by Kast r « ]  and Silver  £44] 

amongst others. The model has been supported by the findings 

of a number of studies including Baer and McKelvey {jisj , Welch 

and West Water j46_j and Sugawara and Katsuta [47] / which show 

condensation occuring entirely  between drops in  a very thin film . 

Welch and W est.W ater examined the process by taking high speed 

photograph through a microscope. They concluded that droplets 

large enough to be v is ib le  ( 0 . 0 1  mm ) grew mainly by coalescense 

leaving  a 'lustrous bare a r e a '.  This lusture quickly faded 

and they explained this in terms of the build  up of the thin  

film  which fractured at a thickness o f  0 .5  to 1 /*.m.

Eucken £48^ proposed a concept in  which i t  is assumed that 

droplet formation is fundamentally a heterogeneous nucleation  

process. Works o f  Umar and G r iffith  |49*j and of Erb and 

Thelen [jSoJ support the nucleation mechanism. Using an optical 

method with polarised  light to detect changes in the thickness 

o f  liquid  films of molecular dimensions/ Umar and G r if f it h  were 

able to establish  that, for low temperature d ifferen ces  the 

area between drops has no liq u id  film  greater than a monolayer 

in  thickness/ and that no net condensation takes place  in  that 

area .



18

McCormick and Baer IT51!  have suggested that innumerable 

submicroscopic droplets are randomly nucleated at active sites 

on the condenser surface. These active sites are wetted pits 

and grooves in  the surface which are continually being exposed 

by numerous drop coalescences a n d . by large drops fa llin g  from 

the surface.

Gose, Mucciardi and Baer j52*J have developed a model 

for dropwise condensation which accounts for nucleation and 

growth, coalescence with neighbours, removal and nucleation on 

sites  exposed by the removal and coalescence mechanisms. The 

model was simulated on a computer. One feature not simulated 

by th is  model was the sweeping action of a large drop running 

down a surface absorbing all other droplets in its  path,

Patica and Katz jsfj , Sugawara and Michiyoshi j*5<f| 

and Nijaguna |55jhave considered steady state heat conduction 

in a single  droplet with a d iscontinuity  in the temperature 

along the edge. The discrepancy due to this d iscontinuity  was 

recognised by Ahrendts j56j , Hurst and Olson [57^and it  was 

later  shown jj?C3 that such a model is  inadmissible bcause i t  

predicts  an in f in it e  amount of heat flow across the dxOplet.

Other models [^9, 56 , 58^J are incomplete in  the sense that the 

condenser m aterial properties could not be considered and their  

v a lid it y  i s ,  therefore, restricted  to cases in  which the 

thermal resistance between the droplet and the vapour is dominant. 

However, there has been some interest  in understanding the e ffect  

of the condenser m aterial properties and in  one of the f ir s t
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analysis Mikic f~5Sj suggested that the effect  was due to large 

droplets behaving as inactive areas constricting  the heat flov/. . 

Recently this  idea was further pursued by Hannemann and M ikic 

|.60^| with some m odifications of the original model. Earlier , 

Hurst and Olson jj>7̂ J considered the condenser material properties 

by numerically solving the heat equation for a hemispherical 

droplet on a fla t  disc-shaped, condenser, Sodhal. and Plesset KI 
studied both evaporation and condensation o f  droplets and the 

e ffe c t  of condenser ( evaporator ) m aterial, by solving the 

steady heat conduction equation for a geometry consisting  of a 

droplet in the form of a spherical segment on a semi-infinite 

so lid .

A very considerable amount of work remains to be 

carried out to establish  satisfactory explanations o f  a ll  the 

published experimental results on dropwise condensation. While 

the droplet nucleation mechanism is certainly  the more likely  

at low condensation rates ( i . e .  temperature d ifference  upto 

5°C) i t  is  possible  that at higher condensation rates there may 

be a film  disruption  mechanism as an intermediate stage before 

establish ing  fu lly  developed filmwise condensation. At low 

temperature d ifferences  the dropwise heat transfer co e ffic ien t  

increases slightly  with increasing temperature d ifferen ce  t62l • 

At higher temperature difference  heat transfer co e ffic ien t  

decreases v/ith increase in  temperature difference j~46'| . This 

may be due to a change in  mechanism o r  equally well to the 

presence o f  non-condensable gases in  the vapour phase.



The basic assumption in  the theory o f  dropwise 

condensation .f62j is  that the mean heat flux  for  the condensing 

surface may be obtained from a calculation of the steady heat 

transfer rate for a drop of given size and a steady d istrib u ­

tion of drop s ize s . In view of the h ighly  non-steady nature 

of the actual process, where, about, a m illion  coalescences can 

occurin one second on a square ccntimetre of the condensing 

surface, this  procedure may seem somewhat dubious. Rose £o3*| 

examined more carefully  the v a lid ity  o f  the basic assumption by 

adopting more rigorous theoretic? 1 solutions for heat transfer 

through a. single drop.

The influence of pressure on dropwise condensation o f  

steam at a fixed  heat flux  was studied by O 'Bara  et« al. f}54j[ .

They reported that for  pressure above 3 atmosphere, dropwise 

condensation gradually replaced by combination of drop and 

film  condensation and f in a lly  by filmwise condensation. This 

is  probably brought about by the reduction in the surface 

tension o f  water at higher temperatures. They also studied the 

influence o f  vapour velocity . For a given temperature difference/, 

the heat transfer coeffic ient  increased upto a maximum value 

with increased vapour velocity  upto 2 m/s and then started to 

decrease. This may be due to the increased coalescence between 

droplets blanketing  the surface with a film  o f  condensate.

2 .3  Methods Of Improving The Heat Transfer C o effic ien t  In  
Condensation.

An excellent review has been made by W illiam s e t .a l .  {65}



on the methods o f  augmenting condensation heat transfer . The 

methods used fa ll  into following categories,

a) change of geometry o f  the surface to increase the 

available  area or to promote more rapid removal o f  

condensate„

b) treatment of the surface to promote dropwise rather 

than filmwise condensation, and

c) use of force fie ld s .

2 .3 .1  The Influence Of Surface Geometry On Condensation..

The influence o f  a r t if ic ia l ly  roughened surface on 

film wise condensation has been examined by Spencer and Ibele [~66_j 

and by Medwell and Nicol jj?7j[ . At low film Reynolds number 

coeffic ient  lies  below that in the smooth tube because the 

roughened surface appears 'to retain condensate due to surface 

tension forces. At higher Reynolds number ( > 140) the heat 

transfer  coeffic ients  are found, larger than for smooth surfaces.

Beatty e t .a l .  [ 6 8 ,6 9 3  have examined the performance 

of integral finned tubes in horizontal and vertical o r ien tatio n s . 

Although the overall heat transfer c o e ffic ien t  for  the finned 

surface was about 15 percent lower than that for the smooth s u rfa ce , 

the increase in the surface area per u n it  length of the tube was 

such that a net increase in  the heat transfer  rate was observed.

It  should be noted that condensate may be held  w ithin  the gap 

between narrow spaced f in s .

21
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There are many studies on condensation on vertical 

surfaces with an array of fin s . Among them references £70/

71, 72, 73 jj report that a heat transfer surface with small 

sharp edge fins  has a very high condensation heat transfer 

coeffic ient  in  comparison with a smooth surface. ■ The enhancement 

is found to be brought by the following mechanisms; On sharp 

fin  tips with  a very small radius of curvature a strong 

surface tension aids the removal of condensate.from the tips 

thereby producing a very thin liquid  film . In  addition to 

this the liquid  layer's on the side surfaces of the fins  are 

also expected to become locally  very thin  because of the strong 

action of surface tension to bring the liquid into the grooves 

between the f in s . Condensed liquid  near the tip  of the fin s  is  

driven almost horizontally  towards the grooves due to the 

surface tension, w hile  the liquid, flows vertically  down along 

the groove under gravity  |?72_| .

Edwards e t .a l .  £.74.1 proposed a model on condensation 

for heat transfer surface with triangular f in s . This was done 

on the assumption of liquid  film being attached to the tip  o f  

fins with a contact angle. I’he effect  of locally  thin  

condensate film  on the side of fin s  was not considered in 

th e ir  calculations . F u ji , e t .a l .  £753 analysed condensation 

on a vertical surface w ith  sinuous f in s , but also did  not 

take into consideration the e ffect  of locally  thin film  on 

fin  surfaces . Panchal e t .a l .  |~76j also analysed a sinuous 

film , where the surface temperature o f  the f in  was assumed to



be constant! Webb jj77~| studied the optim isation o f  a fluted 

surface, where the temperature of the fluted surface wag 

assumed to be constant* The conduction effect of fin  materials 

could not be investigated even though i t  is very important 

when the fin  has an enhanced performance and high heat flux*

Variation o f  the condensate film  thickness and 

variation  of local heat transfer coefficient  in the vertical 

d irection  have been analysed by Mori, e t .a l .  Jj8jj , They have 

also carried out theoretical analysis and experiments to 

investigate .the optimum performance and geometry of vertical 

tubular condensers with small longitudinally  parallel fin s .

The guiding p rincip le  is to keep the film  as thin as possible 

over the possibly  widest surface due to the effect  of surface 

tension . The optimised condensing surface gives heat transfer 

co effic ient  close to that of dropwise condensation. The opti^ 

raising study reveals that, a vertical tube provided with fins 

should be such that the side surface curvature gradually varies 

from fin  t ip  to the root. It  should have a sharp leading  edge, 

a f la t  groove and circular  discs to remove condensate.
}

Recently, Walezyk f79j reported increase in  the heat 

transfer  co effic ient  upto 20 times, on the gas s ite , by addi­

tional in jectio n  of water into a ir  stream. By in jectio n  of 

water into the a ir  stream two phase flow  occurs and heat 

transfer  is  -coupled with mass transfer . Condensation and 

evaporation take place on finned surface and in  the gas 

phase core. This complex simultaneous heat and mass transfer
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has been explained unsatisfactorily  t i l l  now. The theoretical 

considerations reported in  the literature [""80,81,82 J refer  to 

the conditions in which the effect  of condensation and evapo­

ration on apparent heat transfer has been neglected.

Gregoric £83] first  introduced the concept of fluted 

tube and obtained condensation co effic ient  many times more than 

those for p lain  tubes. Thereafter many experimental studies 

£84,85*| on fluted surfaces were rnsde to confirm his find ings . 

The enhancement comes about from the fact that the condensate 

is  drawn into and runs down within the grooves leaving a very 

thin film  on the ridge of each flute  of the tube. The movement . 

of condensate into the groove is  brought about by surface 

tension forces, resulting  from changes in  the radii of curvature 

of the condensate film  surface. The local heat transfer 

coeffic ient  is  thus high at the-ridge and low at the groove 

with average c o e ffic ien t  being much greater than that for a 

plain  tube. When the condensate flow becomes too great to be 

carried entirely  w ithin  the grooves, flooding occurs and a 

sharp drop in  the heat transfer coeffic ient  .results. The 

increase in heat transfer  and the onset of flooding are clearly  

functions of the design of a particular  tube. Typical values 

for heat transfer coefficients  during the condensation o f  steam 

are 4 0 ,00 0  K c a l /h r .m . °C , for the non**flooded condition  £ 8 4 ]| . 

When the grooves ere not f i l le d , the condensing side heat 

transfer  co e ffic ien t  is essen tially  independent o f  tube length .
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A comprehensive series of experiments on the 

performance of fluted tubes investigating  such features as 

vapour velocity/ tube orientation and the presence of non- 

condensables has been reported by Carnovos [_86"3 . A sim ilar 

enhancement as caused by fluting  can be achieved by placing  

wires along a vertical condenser tube. Again, surface tension 

force causes the condensate to flow  towards the wires and to 

drain as rivulets alongside the w ire . Thomas £87 J made 

theoretical and experimental studies to optimise the number o f  

wires around the tube circumference. He found that the highest 

heat transfer co effic ient  was achieved when the number of wires 

(n) was given by,

v, _  0 . 10 *  D ton — “ « . • . . • »Dy
d

where, D -- tube diameter, and 

d = wire diameter

Some further improvements may be achieved by sp irally  

winding the wires around the tube.

2 .3 .2  Promotion Of Dropwise Condensation.

For the promotion o f  dropwise condensation i t  is  

necessary to treat the surface in  some way so as to make i t  

non-wetting. Several methods have been tried , e .g .

a) Chemically coated surface,

b) Polymer coated surface,

c) Electro .plated surfaces/ etc ,
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Much of the early work on dropwise condensation was 

concerned with the .identification of various chemicals to act 

as e ffic ie n t  promoters. An excellent review of the work on 

chemical promoters has been given by Osment and Tanner j~8 8"J , 

Chemical promoters tend to be removed from the surface within 

a short period of tim e' and in general, the use o f  chemical 

coated surface has not been pax'ticularly successful.

In an attempt to find more permanent hydrophobic 

coating attentio n  has been given to the use of polymer coated 

surfaces. In  particular , considerable attention has been directed 

at the use of Teflon coatings. Much importance has been p a id l 

to the development of the process for a very thin (0 ,2  5 to 1 / mu) 

uniform coating. For many years i t  was- thought that only steam 

could be made to condense in  a dropwise manner. However, many 

liq u id  including a number of organics condense in  a dropwise 

manner on Teflon coatings due to its very low surface energy.

Electroplated coatings promote dropwise condensation. 

These coatings are ideal in that they are highly hydrophobic, 

have high thermal conductivity, and can bo d iffu sio n  bonded 

to the base m etal. Erb and Thclen |*89j[ have reported excellent 

behaviour of a 1 .2 5  /<-m gold deposit on to a Cupro-Nickel a lloy  

tube which had been precoated by a 7 .5  /s-m film  o f  n ic k e l .

However, the coatings are expensive and this lim its the use 

of such surfaces.
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2 .3 .3  Use Of Force Fields To Enhance Condensation.

In filmwise condensation the condensate film  constitutes 

the major resistance to heat transfer and a variety  of external 

forces e .g t centifugal, v ibrational, electrostatic/electrohydro-  

dynamic etc. have been used to reduce its  thickness and to 

promote drainage.

Numerous investigations have been carried out when 

condensation is  made to occur on a ' horizontal rotating d isc .

For a plain  disc Nandapurkar and Beatty £ * 9 0 derived the 

following equation assuming that there is  no interfa c ia l  shear,

0 .2 5
_ , 3  2, 2 v .j

h = ‘0 .9 0 4  [ J ............. (2 .7 )
i w

where, 6) - angular rotation (radians/s) ; and 

T^= intorfacial temperature.

Further information is  available  on grooved discs jj?l3 

and on rotating horizontal tube {92j . Sparrow and Hartnett [93j 

obtained a numerical solution for condensation on the outsi'de 

of rotating cones. Their results for the average Nusselt 

number can be approximated for ordinary fluids by,

%

Kr-.-] _  n Qf)j. f — ..sin sb L Px "I (o o )
“  ° * 904 L 1 )2  ’ ^ l T  ■* *** * j

D sat w M
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where# L -- length of the condenser surface, and

y == angular velocity of the condenser1surface.

Pr = Prandtl Number*

Dhir and Leinhard [94j studied laminar film  condensa­

tion on axisymmetric bodies in  a nonuniform gravity f ie ld . In 

case of rotating truncated cones, they showed that,

Ku = 0 . 9 0 4  I  . c T T - f f— I T T  3  ■ G ( p )  , . . . ( 2 . 9 )
p sat w A

[<"P>a/3- I " 3 - .. L s X n f
where, G i p ) = c-nd ji

Ro

where,' = minimum radius of truncated cones.

Equation (2 .9 ) predicts zero heat transfer as the cone angle 

approaches zero ( i . e . ,  condensation on the inside o f  a rotating 

c y lin d e r ). Leppert and Nimmo £ 9 5 ,9 6 3  after studying film  

condensation on f in it e  horizontal surfaces, have shown that 

even when the body force is normal to the condensing surface, 

a f in it e  amount o f  heat transfer can occur, i f ,  overall 

drainage is permitted on the edges. The condensate film  

thickness and the resulting  heat transfer  is  then governed by 

hydrostatic pressure changes within the film  thickness. Their  

results are applied to condensation on the inside  of a 

rotating cylinder and are approximated by.
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.................. (2 . 10)

Marto [97J, established a solution for film  condensation 

on the inside  of a slender, rotated, truncated cones in  the 

region where the h a lf  cone angle, cp is  close to zero and 

where theequation (2 .9 )  is no longer v a lid .

The influence of vibration  on condensation has also 

been studied. Mathewson and Smith £98]] condensed organic 

vapours v/ith in  a vertical tube under conditions where acoustic 

vibrations were induced in the vapour phase. The vibration  

caused an enhancement of-about 50 per cent over that of tube 

with no vibration condition . Experiments in which the tube it s e l f  

was osc illated  either longitudinally  [_9 9 l  or transversely 

have been shown to enhance.the film  co effic ien t .

A number o f  reports are available  £l01-l06j which show 

that the electric  f ie ld  of d iffe ren t  geometry and frequency may 

provide an e ffectiv e  means for enhancing the vapour-film 

condensation heat transfer . The investigations were carried out, 

however, in a narrow range of the process parameters and 

electrophysical properties of heat agents. Didkovsky and Bologa 

£1 0 7 ^ carried out experiments on heat transfer and hydrodynamics 

in  film  condensation o f  pure vapour on vertical short surfaces 

in an electric  f ie ld  of d iffe ren t  strength, frequency and uniform ity

9 2 2 
\4 1TRo

Nu 0 .8 2
Pr

C (T . - T )/x  
p sat w



2 .4  Heat Transfer To Falling Liquid Films And Film Breakdown.

Meat transfer to liquid  films flowing on a heating 

surface and breakdown of the films associated' with increasing  

heat flux  arc of great importance. A number of investigations 

fl08]  have, therefore, been conducted on those subjects and 

i t  has also been shown that film brealcdovm conditions are 

influenced by several d ifferent  mechanisms. However, knowledge 

of the precise  nature of film breakdown is  s t ill  incomplete.

In the previous investigations on film  breakdown 

conditions/ termed as the "minimum wetting rate" o f  fa llin g  

liquid  films and the 1dryout1 in annular two phase flow, 

theoretical considerations have usually  been concerned with 

whether a dry patehformed on the surface w ill  remain or  be 

re-wctted |~109~116~| . Therefore, a force balance at the 

upstream stagnation point of a dry patch has been discussed 

on various models o f  flow . However, as these models have 

included a contact angle of the liquid  at the point of break” 

down, lack o f  data on the contact angle [ll6-118~j whose 

measurement is  very d if f ic u lt , has precluded any quantitative  

understanding of the film  breakdown.

An alternative  approach to predict the film  breakdown 

conditions has been conducted from a view  point of total 

mechanical ( K in etic  and surface ) energy flow by Hartley and 

Murgatroyd Fil2~j and Bankoff 1-18~| * 0n the other hand 

H allett  J[ll9j correlated the minimum wetting rate during heat 

transfer  with the difference in surface tension set up due to

30
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uneven heating caused by wave motion of the film , and Bankoff 

£l20] analysed the effect of the vapour leaving normally to 

the film  surface on the wave amplitude of a thin liquid  film .

2 l] carried out experiments on heat 

transfer coeffic ient  and film breakdown for both conditions 

o f  local and permanent dry patch formations.

Zoliars and Krantz [l22| solved the linear  stability  

problem for film  -flow down a straight circular cone v ia  a 

perturbation expansion technique. This represents the first  

solution for the s ta b ility  of a non-parallel flow of this type. 

The occurance of stable, relatively  unstable and absolutely 

unstable waves have also been predicted £l22j .

2 .5  Heat Transfer I n ■Wavy/Diverging-Converging System.

From the literature survey done on diverging-converging 

heat exchangers, i t  is  observed that most of the study concerns 

either  the hydrodynamic or only the liquid- liquid heat transfer 

and practically  no' s ignificant  •work has been reported on 

condensation heat transfer. Most of the studies prim arily  

concerns the flow  of flu id  through converging/diverging n o zzle s / 

d iffu se rs  {jL?.3-l27j[ or converging-diverging ducts £l28, 129} and 

a very few have worked on converging~ d iv erging channels.

2 ,5 .1  Hydrodynamics Of Wavy/Converging-Diverging Flow.

' Batra [l3 0] and Batra, e t .a l .  £ l3l~j carried out 

experimental investigations on laminar flow through p e r io d ic a lly

Toshihiko and Tatsuhirojl



convergent-divergent (wavy) tubes and channels. They reported 

that the value o f  fr iction  factor increases with, decreasing 

wavelength to diameter ratios ( ^  0 ,5 )  by as much as 120% of 

the uniform tube value ( wave amp 1 itudo-to--diameter ratios 

wore in the range 0 .1 3  - 0 .2 5  ) .  The value of the cr itical 

RevnoIds number of transition  to turbulence decreases with 

decreasing wavelength-to-diameter .ratios.

Payatakes, c t .a l .  £i32~[ developed a model for  porous 

media comprised o f  monosized or  nearly monosized grains . In  

applying this model to a packed bed, the bed is assumed to 

consist of a series o f  s ta tis tic a lly  identical unit bed elements 

each o f  which in turn consists o f  a number o f  unit cells  

connected in  p a r a lle l . Each unit cell resembles a piece o f  

constricted (divergent-convergent) tube with dimensions which 

are random va ria b les . The problem of flow through each unit  

cell is  reduced, subject to reasonable assumptions, to the 

determination of the flow in an in f in it e ly  long p erio d ically  

constricted tube. The model together with the solution jjL32Q 

of the flow through i t ,  can be used for modelling o f  processes 

which take place in  the void space of a bed. The theoretical 

fr ictio n  factor values were compared with the experimental 

ones, for  two d iffe re n t  beds, and found to b e 'i n  good agreement 

even in  the region of high Reynold numbers.

E arlier , Fulford [l34j found in  his experiments on 

wavy film  flow  in channels that fr ictio n  factors were 90 per cent 

higher than the theoretical values for smooth films when the

3 r
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channel inclination  was lH degree to the horizontal ( i . e . ,  

when the wave amplitude-to—film thickness ratio was small) and 

12 5 per cent higher than the theoretical values when channel 

was vertical ( i . e . ,  when the wave amplitude-to-film thickness 

ratio was l a r g e ) .

Lekoudis e t .a l .  j 1 3 5 J have made a linear analysis of 

compressible boundary layer flows over a wavy w a ll . Shankar 

and Sinha [ l3 6 j  have studied the effects of wall waviness on 

the well known Reyleigh problem. Lessen and Gangwani j137j 

have analysed the effect  of small amplitude wall waviness 

upon the stability  of the laminar boundary layer. In  all these 

studies fl35-137j the authors have taken the wavy wall to be 

oriented in  a horizontal direction and studied the effect  of 

the waviness on the flow fie ld .

2 .5 .2  Heat Transfer in Wavy/Diverging-Converging Tubes.

Gosse and Sehiestel fl38] carried out numerical 

prediction  of the convective heat transfer in wavy tubes on 

the basis  of mathematical models of turbulence j~139, 140j and 

the three dimensional method of Patankar and Spalding £.1413 and 

the method developed by Amsden and Harlow jl42^ . The numerical 

prediction  ft38} is free of a ll  restrictive  hypothesis regard­

ing the turbulent v isco sity  and can be applied to the study o f  

three dimensional flows presenting complex geom etries. The 

various applications dealt with u p til  now range from cla ssica l  

turbulent flows | l 4 0 , 143, 144^ , to flows in  annuli jl45,146j[



and in  zig-zags 0 4 7 J  and have shown that the proposed scheme/ 

using same values of numerical constants in a ll  cases makes 

it  possible  to describe flows having strong dissym etries . The 

calculated pressure drop agrees well with experimental values. 

They showed that the waviness of the tubes is of least 

interest when the values of the Prandtl number are very large.

On the other hand/ for  moderate or very small values of Prandtl 

number, it  seems possible  to define the forms of undulations 

which w ill assure on optimal thermal convection of a given zone 

of ReynoIds numbers.

Vajravelu and Sastri [i48,149*] have made a systematic 

analysis of free convective heat transfer in a viscous flu id  

confined between a long vertical wavy, wall and a parallel flat  

'wall and have established that the flow and heat transfer 

characteristics are sign ificantly  affected by wall waviness.

The skin friction  co effic ient  and the heat transfer coefficients  

have been obtained along with the pressure drop. These flow 

and heat transfer characteristics have been found to depend on 

the free convection parameter; the frequency parameter, ,X % ; 

the wall temperature ratio , rn; the Prandtl number, Pr; the 

amplitude of the wavy w all, 6 ; and the heat source/sink  

parameter, .

Narayan |~150[| made a generalised  mathematical analysis 

o f the momentum and heat transfer characteristics  in  irregular  

geometries with special reference to diverging-converging tubes 

and also made experimental v e r ific a t io n . A deviation  parameter



r ( z ) , has been defined which accounts for the distance from
Vi

the centre of the tube to the tube wall which for a tube with 

irregular  geometry is  a function o f  axial distance Z and 

depends dn the type of geometry under consideration. Satis­

factory agreement has been obtained between the experimental 

values and the theoretically  predicted ones. Excellent enhance­

ment in the transfer  coefficient has been observed for the 

constricted tube as compared to the plain  uniform tube, having 

the same surface per unit length, with reasonably low pressure 

drop penalty .

Rainachandran fi51j and Bandyopadhyay |l52jj carried out 

experiments on turbulent and laminar heat transfer studies 

respectively in  the annulus of d iverging—converging tubes.

They also reported an enhancement of heat transfer in  this type 

of system over that of straight tube.

Recently Sahoo fl53l , Sen [154] and Sen jl55j[ carried 

out hydrodynamic and heat transfer studies with diverging- 

converging tubes. Their studies revealed that the velocity  

p ro file  is parabolic  at the throat section of the tube, 

gradually changed into turbulent at the intermediate region 

and again to laminar at the widest section o f  the tube. Onset 

of turbulence was observed at Re = 1800 .'

Condensation heat transfer on the inside  of a rotating  

truncated cone and axisymmetric bodies in non-uniform

gravity  j~94] has already been discus'sed. Varatharajan ^156^  , 

however, reported some work on condensation in  a p e r io d ic a lly
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divergent-convergent tube. But his study was confined to only 

condensation o f  steam and evaluation of overall heat transfer 

co effic ien t . Excellent augmentation of overall heat transfer 

coefficient  was supported b y 'h is  experiments.

The preceding review o f the state of art in the 

condensation o f  vapour shows that no significant work has been 

reported on condensation in  diverging-converging tubes, inspite 

o f its  proven e ffic ie n c y . Review oh certain aspects of conden­

sation in  straight tube have been carried out to present in a 

logical and coherent manner the current state of art in  estimat- 

ing the important engineering parameters and their  effects  on 

condensation.

From the preceding survey it  has been further established 

that the phenomena of flow separation and reattachment along 

with relam inarisation is expected in  diverging-converging 

system. The zig-zag shape is favourable to heat transfer  as a • 

result of the combination of the following two e ffe c ts . There 

is  f ir s t ly  increase in  the heat transfer area over a p la in  tube 

for the same length. Secondly, there is  increase in convection 

on both sides of the tube. On the inside  the alternating 

changes in curvature favour the creation of secondary flows in 

the f lu id , which are continuously restructured from one surface 

to the next. This is  .obviously accompanied by an increase in  

pressure drop and hence i t  can be expected that there w ill  be 

improved internal convection. On the outside of the tubes the 

flow is  much more complicated and must correspond at intervals  

to zones o f  separation with eddies .
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CHAPTER - 3 .

MATHEMATICAL ANALYSIS

Due to the complex nature of irregular geometries 

„ mathematical modelling of the system becomes d if f ic u lt . As a 

result, instead of mathematical analysis, more stress has to 

be given in the past for elaborate experimentation and 

empiricism. Condensation flow modelling is , as such, d if f ic u lt  

due to the complex thermo-hydrodynamic coupling of the two \ 

phases. This coupling is  s ign ifican tly  more pronounced in the 

internal flow of condensate than in  the external flow .

In the present study mathematical analysis has been 

attempted fo r  condensation of pure vapours inside diverging , 

converging and diverging-converging (combined) tube segments.

It  is  to be noted that the N usselt 's  classical approach has. 

been adopted as the basis for the present study .

3 .1  Assumptions.

The assumptions made in  the analysis comprise,

(1) The drainage of the condensate film from the surface .. 

is  laminar, unidimensional and is at steady state .

(2) The vapour is  pure and exerts no crag on the downward 

motion o f  the condensate film .

(3) Heat transfer  across the condensate layer is  by 

conduction only and temperature d istrib u tio n  is  lin ea r
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for a very thin film . Viscous dissipation  of heat 

is  neglected.

(4) The thickness of the film  at any point is  a function 

of the mean velocity of flow and of the amount of 

condensate passing at that point.

(5) The velocity  of the individual layers of the film  is  

a 'function of the relation between fr ictio n al shear­

ing  force and the weight of the film .

(6 ) The quantity of condensate is  proportional to the 

quanti ty o f  heat transferred, which in  turn is  related 

to the thickness of the film  and of the temperature 

d ifference  between the vapour and the surface.

(7) Condensate fluid  properties and condensing surface 

temperatures are constant.

(8 ) The surface is assumed to be relatively  smooth and 

clean .

(9) Subcooling of the condensate is  neglected.

(10) Liquid film  is  incom pressible.

3 .2  diverging Cone Section.

■ Condensation of pure vapour inside  a diverging tube 

section is  considered and is  shown in figure 3 . 1 .  The 

analysis is  based on the equation o f  motion obtained by 

balancing the gravitational force and the viscous shear 

force acting on a d iffe re n tia l  volume element of the 

condensate.



F IG .3.2 . DIVERGING-CONVERC S CONE SECTION



A force balance over the shaded portion ( figure 3 .1)
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gives,

/ t  (g—:) d l  = f  ( -y) . g c o s ^  . dl . . .  . . . ( 3 . 2 . 1 )

d u  / ^ q c o s  0  , c \ . /o o n\

dy /<■ cl

Assuming no slip  i . e . ,  u = 0 at y = 0, the solution 

of equation ( 3 . 2 . 2 )  gives the following expression o f  velocity 

d istributio n  across the condensate film at any distance along 

the w all,

u (y ) = . —  (<$\.y - ) . . .  . . . ( 3 . 2 . 3 )

At a slant distance ' 1 ‘ , the average downward 

velo city  of condensate film is given by

<̂ d

u = —7— f u (y ) dy . . .  . . . ( 3 . 2 . 4 )

Sd  )
0

Solution of equation ( 3 . 2 . 4 )  through equation ( 3 . 2 . 3 )

gi ve s ,

u = - JLSlco s 0 , # £  2 _  . . . ( 3 . 2 . 5 )
3/Hr d

Now the various expressions for  the d iffe r e n t ia l  

area dA o f  a cone for length d l , is .obtained as follow s,
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dA - 7? (r+dr) (1+dl) - %  rl

^  (rdl-:-ldr) , (Neglecting(drdl) as it  is  very small)

= 2 7̂  r d r , cosec© . . .  . . .  (3.2.6) .

2 r . d l  ................. ( 3 . 2 . 7 )

— 2 I . s i n ^ . o .1 . . .  . . .  (3.2 .a)

Because r = l . s i n Q  

therefore, 1 -= r.cosec 0

or dl = dr. cosec Q  ~|

At a distance ' I 1 the downward flow of the condensate 

across a horizontal plane o f  area 2 /f r ^  ( i . e .  2 7f 1 . s in 0 .< ^  )

= 2 7C 1 . sin'0 . <b^. . . .  ( 3 . 2 . 9 )

At ( 1 -i- dl ) there is a gain in  the amount o f  downward

flow and is given by d ( 2 7\ 1 . sin£j.e>^. u p  ) ,  which is further

m odified as follows with the help of equation ( 3 . 2 . 5 ) .

2

a < 2 * l . s i n e . V B f ) .  E V g i g W -J M * -  [ d ( l S |  > j . . .  ( 3 . 2 . 1 0 )

I f  ' w 1 be the condensate mass flow  rate out of vapour 

and ' normal1 to the. fa llin g  condensate layer per unit  surface 

area, then,

d(275 l . s i n o  ) = w .dA  = W .27C i . s in© ,  dl  . . . ( 3 . 2 . 1 1 )

Again, a balance between the heat released in  the
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condensation process and the energy conducted through the 

condensate film  gives,

(T - T )
. --~~ . . .  . . .  (3 . 2 . 1 2 )

A ^ d

From equations ( 3 . 2 . 1 0 ) ,  ( 3 . 2 . 11 )  and (3 . 2 . 1 2 )  we have,

k (T ~ T ) 2 7T /-^g .s±n@ ccst> . 3 
--- ---- - (2/Tldl-sin @  ------——-- I d  (l .c>-,)1

. . .  ( 3 . 2 . 1 3 )

9
r P“g A.  COS Q ■ , 3
[ .J.------- I r d (i > ) j ..................... ( 3 . 2 . 14 )

<’■» I *1 / m m \ •**

' idl
or * - j . j \_t v_u i.s

& d 3 / f k ( T  -T ) d
V w

Solution of equation ( 3 . 2 . 1 4 )  f See .Appendix - IV .1 j

' h '
r 2.4 Ale (T — T ). r r„ 1</3 ' „

^  ' 1 V W .. ( „ / 1 >, ( f . . .  (o .Z .1 5 )
- I 772— — 77" j • Lr i 1_( f J

r g ^ -sm r

The local heat transfer co e ffic ien t , from the

vapour side to the tube surface is  defined  as,

k

j =  ̂ . . . ( 3 . 2 . 1 6 )
o'd



From equations ( 3 . 2 . 15 )  and ( 3 . 2 . 16 )  we have,

or,

from

^id t ~ j * £- p' 1 **•  ( 3 . 2 . 17 )
24 A  (T -T ) f. I n 7 /3  j

/  v w r< I- v-—)

i,
2  ̂ '4 4 

7 /? g > k  , cos 9  1 1

nid  “  1“ 12/<.'(T - T l  J * I ~ 1 7/3. J *** (3*2*18)J

£ Since, r = l-sin£) "j .

The total heat transfer' through the condensate layer 

1  ̂ to ( or r^ to r 2 ) is given by,

h. , . (T -T ) • 2% 1 d l - s in a . . .  . . .  (3,2 .19) XU V w
a

Solution o f  equation (3 . 2 . IS) j See Appendix-IV. 2 j g ives,
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The average condensation heat transfer co effic ient  is  then 

obtained as,

4

hid

Qd

A T . TT (r 0l 0-r. 1 .)2
C y .sin  0

4 T .  A  (^2 - r( )

... (3 .2 .21)

£ because, r = 1 . sings 1

Replacement o f  by equation (3 .2 . 20 )  gives,

h
id

= 0 .84  .£

f f gA k j  .sin 2 0

/4 f d T f r2
] •

r, 7 /3  

1 - (^i)
~2

3 . 
'4

................( 3 . 2 . 22 )

where, k f , ^  and /t f  are evaluated at the film temperature 

and the film temperature T f is  given as,

T f  = % (Tv + Tw )

and <$, Tf is  the temperature d ifference  between film  and 

wall i . e . ,

& T f = (T£-T 7 ) .
1 JL W

SlO
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3 ,3  Converging Cone Section.

Condensation of pure vapour inside  a converging cone 

section is considered.

Following the sim ilar approach as discussed in 

connection with diverging cone section, the average downward 

velocity  of condensate is given by

I f  P g , c o s  £> 2 

u —  u(y)dy ' = -- ------— • c? . . .  ( 3 . 3 . 1 )

3 /*

At any section of radius r, the downward flow of 

condensate is = 2 / f r . ^ c < u ^7 . . .  . . . ( 3 . 3 . 2 )

For a d iffe ren tia l  area dA, the amount condensed on 

the film  (of area dA) w ill be,

27Tfj2g . c o s 0  _ 3

d (2 7T r . e> - u P )  - —------- -— • d (r ^  ) ]  . . . ( 3 * 3 . 3 )

c 3/ *  - G

Putting r = 1 . sin 0  , we have

2 ■
2ft p g , s i n  © .  cos© 3

d(2  f\ 1. sinQ.o> u p )  = --— t---- -— ■— — j~ d ( l o  ) . 1  . . . ( 3 . 3 , 4 )
c 3 /<  * C J

Again, i f  ’ w' be the condensate mass flow rate out of 

vapour and 'norm al1 to the fa llin g  condensate layer, per  unit
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surface area / then,

d (2 /T 1 • sj.nQ. -bn u p  ) - W.dA = W. 27H.. sin $. dl . . . ( 3 . 3 . 5 )

From energy balance, however, 

k (1\ —\T )
W = ----L- . . .  (3 . 3'. 6 )

A h
- c

Now from equations' ( 3 . 3 . 4 ) ,  ' ( 3 . 3 . 5 )  and ( 3 . 3 . 6 ) ,  we have,

k (T  -T ) 
v w

(2%  1. sing?, dl)
2fl f  g . singcose [a d  5 ̂  ) "j . (3.3.7)

It  follows,

2
ldl r ^  g A -cos^  i r m  \ 3  ̂ 1 ('x  ̂ \v' — I ---—■— ■— • J *  ! d ( 1 0  ) J . . . (3.  3 .t>a)

^ 3 A  k (T -T ) " C/ V T-J

or

2
rdr r / 7 Q A .sin 2 0  3 
I2 E  = r     -j . { 'd (r <:S ) 1 . . . ( 3 . 3 . 8b)

<5c ' 6/ t k ( T  -T ) 1 L 
y v w

|^since, r = 1 sin  .0 ’j.

Solution o f  equation ( 3 .3 .8b )  £ See Appendix-IV. 3  ̂gives.

24 /< K(Tv-Tw ) r S { % 1 /3  ,2  "J (3 3 9)

c ? ^ 2gX.sin 20 i ’ Lr U (r > "  1J i

h
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The lo cal heat tr a n s fe r  c o e ff ic ie n t  across the condensate layer 

p er  u n it  in t e r f a c ia l  area is  given  by,

k
h . - ' -- - . . .  ( 3 .3 .1 0 )

ic

From eauations ( 3 .2 .9 )  and ( 3 . 2 . 1 0 ) ,  we have,

h ic

yf' g ,\ k  - s in  2£

I ; ~ j • L
 ̂A Jif '4 A  (T -T ) 

V w
r i

r

( ^ 2 )

7 /3 1

- 1

. . ( 3 .3 .1 1 )

For, r = l . s i n ©  , we can write

h.
12 /<■ (T ~ T )

V w

7 /3

- 1  \

. . . ( 3 .3 .1 2 )

The to ta l  h e a t ' tran s fe r  through the condensate la y e r

from 1 0 to 1 ., or r„ to r., i s ,‘1 1

r

Q = - (  h . • ( T - T )• 2 X  rcll1 ic  v  w
. . .  ( 3 .3 .1 3 a )

r.

(N egative  sign  has been  incorporated  in  the in t e g r a t io n  s ince  

fo r  a converging cone local radius decreases  from top to bottom 

o f  the  cone) .
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h  ■
/
| h . • (T - T ) . 2 7f 1 d 1 sin£? . . . ( 3 . 3 . 1 3 b )
* 1C V W
I

4

S in c e , r - 1 . s in  0  .

A ft e r  sub stitu tio n  for h. and dA in  equation  ( 3 .3 .1 3 )
ic  -1

and by in te g r a t io n , we have, ( See Appendix-IV-4)

-4

a ~ ,«.2 3 . 7 /4
o r ft' 9 Ak . s m  20 r ■+ '

q = -7! (T ,-lj. / ‘ .c o s e c S  . [ -- ------- ----- 1 • l rlJ
7 24 A

'c

r--r1

rr
7/

f < ? >1

. .  . ( 3 .3 .1 4 )

The average condensation heat tran s fe r  c o e f f ic ie n t  fo r  

the convergent cone segment can be obtained  from,

yc

h ~ -—— — —— — —■—  . . . ( 3 . 3 . 1 5 )

/JT . X ( r2 l 2-r1 l 1 )

□c . sin  Q

A T . % (r2 - r?)
 ̂ 1

. . ( 3 .3 .1 6 )



50

Replacement o f  Q by equation (3 . 3 . 14 )  gives,

"4

h. = 0 .8 4  . f
1C «•

f_f g ^ K ^ . s i n  2 0

/I T r , 
' f  f 1 { ( 1 2  ) 

1 r i

- i !

7 /3

. .  ( 3 .3 .1 7 )

where, and are evaluated  at the film  tem perature,

f and the film  tem perature i s ,

T
f

(T + J.
V V

and &  T
-F r w

3 .4  D iverging- Converging  Cone S e c t io n .

Here condensation  o f  pure vapour in s id e  a sym m etrical 

diverging- converging  cone section (apex angle , 0  , b e in g  same) 

is  co n sid ered .

In  the m athem atical an a ly sis  o f  d iverging- converging  

cone fu rth er  assum ptions made are g iv en  below ,

a) The condensation  c h a r a c t e r is t ic s  in  the  d iv e r g in g

cone se c t io n , remain u n a ffe c te d , in  c o n ju n c tio n  w ith  

converging  cone s e c t io n . Th at  means,, i n i t i a l  and 

f in a l  co n d itio n s  w il l  be the same as that  d e r iv e d



in  section  - 3 . 2 .  • '■*

b) I n i t i a l  conditio n  in the converging cone sectio n  w il l  

be the same as that obtained  in  the end o f  d iv erg in g  

cone section  irresp ec tiv e  o f  the change o f  d ir e c t io n  

o f film  flo w . This  is  j u s t i f i e d  as the film  flow  is  

assumed p u re ly  lam inar,

Now fo llo w in g  the s im ilar  approach as d iscu ssed  in  

section- 3 .3 ,  fo r  converging cone section  and from equation  

( 3 .3 .0 b )  in tro ducing  the new boundary co n ditio n / the re la t io n ­

ships o b ta in ed  for  the converging cone sectio n  in  conjunction  

w ith  d iv e r g in g  cone section  are given  below ,

R ew riting  equation  (3 . 3 . 8 b ) ,
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c>c 6 A  k (T - T ) X J- C
/ V w

- J ^
= | Z 2 • £ d (r ) J • • .  (3 .3  . 8c)

whe r e ,

AJ< (T -T ) 
V w

So lutio n  o f  equation  ( 3 .3 .8 c )  [ See A p p e n d ix- IV .5 J  g iv e s , 

^  24/ . * < T v-Tm> _ ( ^ f  r7 /3 )  ■ 4 *

C *■ 7 / ’ 2 g A - s i n 2  6 j l i  r

. . . ( 3 . 4 . 1 )
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Th erefo re / the local heat tran s fe r  c o e f f ic ie n t  is  g iven  by,

k
. . .  ( 3 .4 .2 )h .

1C

Prom equations , ( 3 . 4 . 1 )  and ( 3 . 4 . 2 ) ,  we have , -

h .

1C

, 7/3 7 / 3 x ^
f 2 4 / t k ( T  -T ) Ur2 1 J r2 ° 2  4 /3

= k [ -- ■ + (-- — )

7^/,“ g .s in  2 9  4 /3  ^
. . ( 3 .4 .3 )

The heat t r a n s fe r  through the condensate layer fo r  the converging 

p o r t io n , o f the diverging- converging  system is .

r
h . „ (

1C

rp  m
xv ~ J'w

) . 2 7\ rd r . co secg . . . ( 3 . 4 . 4 )

(N egative  sign  has been  incorporated  in  the in t e g r a t io n  because  

for a converging sectio n  ' r 1 decrease from top to bo tto m ).

/ .  2 4 / . k ( T v-Tw )

= 2 ^  k . (T -T ) . cosec Q .
V W

/

7 /3  7 /3  

( r 2 - r  )

. 7 X g- s in  2 e
r

4 /3

r.

+ (

4 /3
r .d r  . . .  (3 . 4 . 5 )

r

t-
o
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r
/

= -2^*k.(T -T ) .  cosec & 
V v/

J
fZ

4 7 /3  7 /3  4 /3  , -

.7TzT (r2 “  r )+  r 2 * ^2 1 '

• . . ( 3 .4 .o )

So lu tio n  of equation  ( 3 .4 .5 )  ( See Appendix-IV-6 ) g iv es .

Q, 3 .5 9 3 7 .cos
p 2k 3 /\ g (Tv -Tw ) 3 . (rl/3  -r1/ 3 )

/ * .  (s in  2 0
r=r-,

. . . ( 3 .4 .7 )

A g ain , heat t r a n s fe r  through the d iv e rg in g  p ortio n  is  given  by  

[from equation  ( 3 . 2 . 2 0 ) ]

Qd =. ~7\ (T -T )
7 v  w • [

7 f 2q X  k 3 .c o s 0  

12 / I

7 /4

1 .
4- i sm  q  J

l> - §  >7 /3  1
( 3 .2 .2 0 )

p
'4

r iP 2d<3 (T T ) 3 (r 7 / 3  r ? / 3 )
c ™  ^  gK 1W  * t r 2 r i } 

=5.2 79 .cos 0  i --— ------- ■—-- ---- — ---

/ ^  ( s in  20) 3
. . . ( 3 . 4 . 8 )

Total heat t r a n s fe r  for  the  combined d iv e r g in g  - converging 

cone sectio n , th e r e fo r e , i s ,
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Qdc = Qd + Qc
. .  . ( 3 .4 .9 )

From equations ( 3 . 4 . 7 ) ,  ( 3 .4 .8 )  and ( 3 .4 .9 )  we have,

A 3 > g ( ' V V  • - 2  -i
) 3 . (VJ -  r 1/ 3) 3

/*-. (s in  2 0  )

Average hecit tran sfe r  c o e f f ic ie n t  is  given  by

Q
h.

xac
dc

cosec g  (r2 2 \ 
r l }

. . .  ( 3 .4 .1 1 )

t
2 h3 ‘* 7 / 0

A,^fg k f .s i n  2B ( r 2x
7 /3  .A  

r l  >

f

2 2 
r 2 “  r l

. . . 1 3 . 4 . 1 2 )

where, k ^ , and are evaluated at the film  tem perature

and the film  tem perature, T ^ , .is g iven  by ,

Tr  = h (T + T ) 
f “ V W

and &  T f (Tr - T )
r w

3 .5  Equations R e la t in g  Heat T r a n s fe r  C o e ff ic ie n t  and 

Condensate Film  Reynolds Number. •

3 . 5 . 1  D iv e rg in g  Core S ectio n .
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h . , 
i d

= 0 .8 4

2 3 
jpf_g A * sin  2 9  „

/ ,f . 4 l r  r.2 ] ■ t1  - ( r ±/ r 2 )

1 - (': :i/ r 2, ) 7 / 3  l . . .  (3 . 2 „ 22)

Let/ r ^ /r 2 a, then ,

■4

hid  = °-8 4 ' [.■

Pf sin 2 $

A '  a T f  r 2
J  . [ - X r ] .  Il- a 7 / 3 ]  . . . < 3 . 5 . 1 )

D.
A g a in , h . , =

a

a 4 T r . A d

Q. A  w' A G

^ T f , (7s DeH) £ T , . ( X D e H )  H . ^ T h

. . . , ( 3 . 5 . 2 )

Now,

A G A 4G * _  A  A

H . £■ Tv H . A m  /
1 _  ‘-V /<± 4 H .A T ,

. (Re j-)

w here , Ref
4 G 1

A t
So, h

id

\ A  f

4H . &  T J
( Ref ) . . .  ( 3 . 5 . 3 )
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1 h. ,
_  = _ i£ L  # ( ) . . . ( 3 . 5 . 4 )

A T f Ref ■ '. > /£f

From equations ( 3 . 5 . 1 )  and ( 3 . 5 , 4 )

2 3 h
P f  g U f - s m  26 7 / q  ^

r " n r  (l-a '  
h  = 0.84- [ --- ---- ------  ] .  [ A i — j  J.

/ < u 1 - a

—
h. '4

id  ^ . . . ( 3 . 5 . 5 )

. (-7^- )

A ft e r  rea

h

Ref

irranging, we have, [Scc Appendix-IV - 7 |

1 /3

r V  - ■ . ( i - » : 7/ 3 I ( l - a ) ^  2/3, ' 1 /3

id  ’ [  7 2  ' ” 3 1  ~ l * 5 8 5 -[ . -cos© J*Ref

^  gkf  ( l~a )

. . . ( 3 . 5 . 6 )

1 . 5 8 5 . f  .Re _ 1 / 3 . . . ( 3 . 5 . 7 )
c f

(l- a7 / 3 ) (l~ a )l /3  2 /3  
where., f  = T —— ------------ ■ cos 0  | , . . ( 3 . 5 . 8 )

c L 4/  3
(l-a )

3 . 5 . 2  Converging Cone S ection .

From equation  ( 3 . 3 . 1 7 )  and in tr o d u c in g , a = r 1/^ ,  we have,
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hlc  = o :s 4  {
P ± x g k f . s in  20

-] • [ •
( l /a )  - 1 1

I ( 1/ a ) 7/ 3 - 1

Q.
Aqain  h.

1C
A T f . Ac

Q,
A w

A T f . ( ^ D . H )  ^ T f . ( 7 f D e .H) H . 4 T f

. . .  (3 .

A  G 1 A 4G* A / £

H . H . <JTf 4 S*f  4H . & T
*-- (Ref )

where, Re^ =
f  A :

4G

So,

h .

ic

>  A f

4H . A T
(Ref ) ... (3

or ,

A T ,

h ic  , 4H
f-s * \

-f h A f

.... (3

5 .9 )

5 .1 0 )

5 .1 1 )

5 .1 2 )
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Prom equations ( 3 . 5 . 9 )  and ( 3 . 5 . 1 2 ) ,

hic = 0 ,8 4

r / f 2 gA  kl  sin 29

I
1 - a'

h ,
1 C

----  (i£L)

Ref A / f
. . .  ( 3 .5 .1 3 )

After  rearranging,

h ,

1 A

1 C 1/7 2 1.585,
(l-a7//3) (l-a)1^ 3

(1-a2 )
4/3

2 /3
-1/3

•cos 0  |̂Ref

■1/3

1 .5 8 5 . f  .Re,- 
c f

. . . ( 3 . 5 . 1 4 )

where,

f
j" (l-a7//3 ) (l-a) 1//3

2 /3

( 1-3- )

4/3
Co s &

. . .  ( 3 .5 .1 6 )

3 . 5 . 3  . Diverging-Converging Cone,

Prom equation (3 .4 .1 2 )  and putting , a = r / r 2 , we have,

hidc
= 0 .7 0 6  ■

g A k ^  sin 20 i n  )h

f 2 (l-a2 )
. . .  (3 . 5 J.7)
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Again,- h ±dc

Q
dc

•SST^.A,
dc

X g
«

£  T f , (2 7a De .H) 2 H . A T 1
. .  . ( 3 .5 .1 8 )

Nov//

A  G 4G ' -A  f

2HAT~  2 H A T
f

X A f

/ * f  8H £  T ,
(Re^ ) .

where. Re -F
4G 1 •

So - h . _ 
ide 8H £  T.

(Ref ) . . .  ( 3 .5 .1 9 )

h. n
iac

ZlT Re
f

8H

^  A i

. . .  ( 3 .5 .2 0 )

quations ( 3 .5 .1 7 )  and ( 3 . 5 . 2 0 ) /  we have.

0 .7 0 6
f  ̂  g X k f  s in  2 9

r 2 (1-a2 )

h . OTT 
iac  8h 

---  ( ---- )

Re. A /f
■' f

. . .  ( 3 .5 .2 1 )
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After rearranging, we have

1/3
. 2

^idc
p , 3
1 f 9 kf

1
= 1.585 f — 7 / :

) (l-a)
1/3

<l-a2 ) 4/3 

1 /3

. R e ,

2/3 
.C os  0 J*

. .  (3 .5 .22 )

= 1 .585 . f . Re
-1/3 . .  (3 .5 ,23 )

whej

f I

(l-aV 3 ) (1 . a ) l/3

T - a 2 ) 4/ 3

2/3
.Cos &  ] . . .  (3 .5 .24 )

j- „ o Expression For Mean Nusselt Number.

From ecruation ( 3 .2 .2 2 ) ,  for a diverging cone section,

have.

/> gA  k . sin 2 0

h'a“°-8 4 l-1-— r!--- 1

r.

ia
At /Ci T r , „f  f  2

i- 2  2  
r2 "  rl

7/3 7/3 
2 *" 1 *

r
7/3

=0.84
f fg Akf sin20 (rlf J- r.,'7 )

(r^

. .  ( 3 .6 .1 )

Multiplying both sides by |(r^  -f r2 ) /k f .c o s 0  | , we have,
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Nu =

Sirr.il

MU =

- Sim il

Nu =

k^.cos 9

0 .8 4  

cos 0

___________2 ^ / 3 -r17-/3 ) 3

k f (r 2 - r 1 ) 4 l

‘A

. . . ( 3 .6 .2 )

arly, for  converging cone section , we have

\ c (rl +r 2 )

k£.COS 0

h . . IDo ^
ic  0 .8 4

'< f  . co 3 Q ■'hr a  T ’■

. .  ( 3 .6 .3 )

arly, for diverging- converging cone sectio n , we have,

\ d c (rl ':r 2 )

-f • cos 9 ■

h-i - •E)e uiac
0 .7 0  6
c o s e

2 K . o - / 7/ 3  7 /3  v3 g A sxn2t*vr2/ - r^  )

/ * f . A T f  . k f  ( r 2- r 1 )

. . . ( 3 . 6 . 4 )
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CHAPTER - 4 .

4 • EXPERIMENTAL INVESTIGATION

4 .1  Experim ental Set-up.

F igure  4 .1  shows the schematic diagram  and P late  - 1 

gives the o v era ll  v iew  o f  the experim ental set-up in  the 

p resent in v e s t ig a t io n . The set-up may broadly  be d iv id e d  into  

three parts* (l) the cooling  water r e c ir c u la t io n ; (2 ) the vapour 

g eneration  and (3) te st  s e c t io n .

4 .1 . 1  C ooling  W ater R e c irc u la t io n ,

The constant temperature bath (4) ["Type: NBE, N o .2 3 4 0 4 , 

220V , 50 H z, 18KW, Made in  West Germany J f i t t e d  w ith  a s t ir r e r , 

cooling  c o i l s , e le c t r ic a l  heater  w ith  a re g u lato r  and a 

tem perature c o n tro lle r  was used to supply  cooling  w ater  to the 

te st  condenser at constant tem perature. A p re c is io n  thermom eter 

(11) hav ing  a le a s t  count o f  0 *1 °C  was in s e r te d  into  the  bath  

to record the tem perature of the w ater . A Tulu  pump (5) £ Tulu- 35, 

Set No. GBW 8 8 7 0 4 , Head 1 0 .5  m, LPH 1 7 5 , D rive  0 .0  38 KW, 0 .5 A ,

2 30V , A C /DC , m anufactured by U .P .  N atio n al M f r s .P .  L t d . ,  In d ia J  

was used to supply the coolant, at co n stan t  tem perature to the 

jac k e t  o f  the condenser test  s e c t io n , A rotam eter (6 ) Jsup plied  

by Chempipi C onsultants , C alcu tta , In d ia  ^ was used to record  

the coolant flow  r a t e . The range o f  the. rotam eter was from 

5.0 to 600 LPH . From the o u tle t  o f  the pump (5) a by-pass l in e  

was connected  bade to the bath in  o rd e r  , to c o n tro l  the c o o lan t
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Fresh
water

>
To

^  potentio 
f  meter

Vapour line 
Condensate line 
Coolant line

1. Vapour generator

2. Condenser test section
3. Condensate collector

U. Constant temperature bath
5. Pump
6. Rotameter
7,8 Thermometers to measure water 

inlet and outlet temperatures

--rl11f mm
*

9,10. Thermometers to measure vapour and 
condensate temperatures

11. Thermometer to measure bath temperature

12. Selector switch
13. Heating coil
14. Manometer
a,b,cThermocouples to measure condensing 

wall temperatures

FIG .4 .1 .  SCHEME OF THE EXPERIMENTAL S E T - U P  { showing diverging 
test section )

OATEVYAY



flow  rate  e f f e c t iv e l y . The cooling w ater  r e c ir c u la t io n  arrange­

ment is  shown in  p la te  - 2 .

4 . 1 . 2  Vapour G en eratio n .

The vapour generator  (l) was a c y lin d r ic a l  c o n ta in e r  

w ith  f l a t  bottom and conical top having the cap acity  around fiv e  

l it r e s  and co nsisted  o f  two immersion heaters  [ M anufactured by 

Rex In d u s t r ie s , New D e lh i ~j o f  1 .5  KW and 2 KW r e s p e c t iv e ly .

The two immersion heaters  were connected to the mains through 

two separate  v ar iacs  to ensure steady vapour g e n e ratio n . The 

vapour generator was provided  w ith  a m ercury manometer (14) and 

a le v e l  in d ic a t o r . The o u tle t  from the top o f the generator  was 

connected to the in l e t  p art  o f  the te st  section  through a 19 mm.

i . d .  g la ss  tu be . In  o rder  to prevent entrainment in the  vapour 

-‘-he w all  o f  the tube was wound up w ith  h e at in g  c o il  (13) . The 

vapour generator and t h e . connecting p ip e  lin e s  were tho ro u ghly  

lagged w ith  asbestos rope, to prevent heat  lo s s e s . Arrangem ent 

was also  made to recycle  the condensate , formed in  the t e s t  

section., into  the vapour generato r .

4 . 1 . 3  Te st Sectio n .

Th is  p a r t ic u la r  section  o f  the  experim ental set-up 

com prised o f  the te st  condenser (2 ) i t s e l f ,  condensate c o l le c t o r  

(3) and a potentio m eter , The te st  condenser  c o n siste d  o f  e i t h e r  

d iv e r g in g , converging and diverging- converging  (com bined) tu b e  

se c t io n s , made from brass  sheet , en clo sed  in  a c y l in d r ic a l  

co o lin g  ja c k e t  o r  s h e ll , also  made of b r a s s . D e t a ile d
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dim ensions o f  these tube sections and co o lin g  jacket  are given  

in  T ab le .A ll- 1  to T a b le a u - 4  o f  Appendix - I I .  The same 

diverging  te st  condensers were used as converging test  condensers 

simply by in v e rt in g . The d e ta ile d  connections o f a te st  ■ 

condenser w ith  the shell have been shown in  fig u re  4 .2  to 

figure  4 .5 .

Copper-constantan thermocouples (22 BWG) were f ix e d  on 

the te st  condenser, uniform ly spaced along the h e ig h t , in order  

to record the in sid e  condensing surface temperature at  d i f fe r e n t  

p o s it io n s . The arrangement o f  f ix in g  these thermocouples has 

been shown in  figure  4 . 6 .  These thermocouples were connected 

to a potentiom eter j^Cat. No. PL54 , m anufactured by Toshniwal 

In d u stries  Pvt. L t d . ,  In d ia  J  through selecto r  switch ( 1 2 ) .  The 

cold ju n c tio n  was kept at 0 °C  by using  ic e  in  a therm oflask and 

d ip p ing  the jun ctio n  into i t .  The thermocouple w ires were 

in serted  into  p la s t ic  sleeves to prevent any short-circuiting,

A graduated condensate c o lle c to r  (3) £ C apacity  - 500 m l, 

made o f  g lass  'j was used to collect the condensate formed in  

the te st  condenser. The c o llecto r  was connected t o 't h e  t e s t  

condenser through a U-tube. Four p re c is io n  g la ss  thermometers 

( 7 ,8 ,9  and 10) were provided to measure the i n l e t  and, o u t le t  

temperatures o f  coolant, vapour and condensate tem peratures 

re sp e c t iv e ly . The jack et  o f  the test  condenser was p ro p e rly  

lagged w ith  asbestos rope to prevent h e at  lo s s e s . The v a p o u r is e r  

used in  the in v e st ig a t io n  and the te st  section  are shown in  

P late  - 3 .
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Condenser 
wall 

( inner)

PVC ring

Thermocouple 
bead ( soldered)

Condenser wall 
{ outer )

PVC sheet — Araldite 
jo i n t

Thermocouple
insulators

F IG .4. 6 . ARRANGEMENT OF THERMOCOUPLE CONNECTION ON 
CONDENSING SURFACE.

\



72

4 .2  Experim ental Procedure.

P r io r  to actual experim entation , the rotam eter and 

therm ocouples, used during  the experim ent, were c a l ib r a t e d  

and the respective, c a lib ratio n  charts were made fo r  ready  u s e .

4 .2 .1  C alib ra tio n  o f  Rotameter.

The rotam eter was c alib rated  ag ain st  known measured 

flow  r a te s . During  the c a lib r a t io n  the rotam eter f lo a t  was 

set at a p a r t ic u la r  m arking p o s it io n  say at 6 0 , 1 00 , 200  LPH. 

The flo w  was controlled  w ith  the help  o f  a by-pass l in e  v a lv e . 

When the f lo a t  was found steady, w ater was c o llected  in  a bucket 

for some stip u la te d  time p er io d , which  was recorded by  means 

o f  a stop watch. The water thus c o lle c te d  was then m easured 

in  a m easuring  c y lin d e r  and the flow  r ate  was computed in  

1 ’ f r c : / h r e Measurements we re repeated fo r  v a r io u s  rotam eter 

reading? and fo r  three water tem peratures v i z ,  around 3 0 ° ,  4 0 p 

and 5 0 °C . The measured volum etric  flow  rates  were p lo t t e d  

ag a in st  the rotam eter readings to get the  c a l ib r a t io n  curve . 

These c a l ib r a t io n  curves have been employed fo r  a l l  the  

subsequent c a lc u la t io n s .

4 .2 . 2  C a lib ra t io n  o f  Therm ocouple.

The therm ocouples were in s e r te d  in  a copper tube 

closed  at the  bottom and and f it t e d  w it h  san d . A p r e c is io n  

g lass  thermometer w ith  0<,1°C accuracy was also  in s e r t e d  a lon g
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with  the therm ocouples. Care was taken to p lace  the therm om eter 

bulb as w e ll  as the thermocouple ju n c t io n s  at the same d e p th .

It  was then immersed in  a constant tem perature xvater b ath  f i t t e d  

w ith  s t ir r e r  and a temperature c o n tr o lle r . Therm ocouple 

readings were recorded from the potentiom eter  in  m il l iv o lt s  

under steady state conditions  and the corresponding  tem peratures 

were recorded from the thermometer. F o llow in g  th is  procedure  

thermocouple readings were noted from 30°C  to 10 0 °C  at  every  5 °C  

in t e r v a ls . During c a lib r a t io n  the cold  ju n c tio n  was k ep t  in  an 

ice  bath  to m aintain  i t a t O ° C .  I t  was found th at  the read in g s  were 

same for  a ll  the thermocouples fo r  a p a r t ic u la r  tem perature .

'The readings in  m il l iv o lt s  were then p lo tte d  against  corresponding  

degree centigrades  to g et  the c a l ib r a t io n  curve . T h is  c a l ib r a t io n  

curve has been used for  a l l  the  subsequent c a lc u la t io n s .

4 . 2 . 3  Heat T ran sfer  Study .

The experim ental in v e st ig a t io n  on h eat  t r a n s fe r  study  

can broadly  be d iv id e d  into  fo llo w in g  se c tio n s  depending  upon 

the d i f f e r e n t  system c o n fig u ra t io n s . These are ,

i )  d iv e rg in g  cone s e c t io n s ;

i i )  converging cone s e c t io n s ;

i i i )  d iverging- converging  (combined) cone s e c t io n s , b o th  

cones b e in g  symmetrical in  shape ;

iv )  corresponding  uniform  c y l in d r ic a l  tubes h a v in g  same 

h eat  t r a n s fe r  area and l e n g t h /h e ig h t ; and



v) diverging- converging  tube c o n ta in in g  one u n it  and 

more than one unity

4 . 2 . 3 . 1  L iq u id s  Used In  The In v e s t ig a t io n .

Following liq u id s  were used fo r  the g en eratio n  o f

vapour,

i )  D is t i l l e d  w ater ;

i i )  Ethyl alcohol;

i i i )  Ethyl acetate , and

iv ) C arbon- tetra- chloride .

The chem icals were o f  A .R .  g r a d e . The p h y s ic a l , 

thermodynamic and transport  pro p erties  o f  te s t  f lu id s  have  been 

given  in  Table#III-J o f  A p p e n d ix- III .

4 . 2 . 3 . 2  In i t ia t io n  O f Steady State C onditio n  For Data  R eco rd in g ,

The v ap o u riser  was f ir s t  d r ie d  and charged w ith  the 

test  f l u i d ,  %th to i t s  c ap ac ity , k eep ing  a reasonable  vapour  

space above the l i q u i d . The immersion h e ate rs  o f  the v-apouriser 

were then switched o n . Dimm erstats connected to the h e ate rs  

were regulated  to supply s u f f ic ie n t  energy  to v ap o u r ise  the 

l i q u i d . Before p ass in g  the coolant in to  the ja c k e t  o f  the t e s t  

condenser, the vapour from the v a p o u r is e r  was allow ed  to  p ass  

through the te st  condenser to d r iv e  o u t  any a ir /n o n c o n d e n s a b le s  

p resen t  in  the system . T h is  was c a r r ie d  out by o pen ing  the  top 

and bottom stopcocks o f  the  t e s t  c o n d e n se r . C o o ling  w ater

74
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at a p a r t ic u la r  constant temperature was then  pumped in to  the 

jac k e t  o f  the condenser.

The f i r s t  and foremost th in g  o f  the i n i t i a t i o n  p ro cess  

was to m aintain  a constant coolant tem perature in  the b a t h .

This  was done by re g u lat in g  the heater  and by c o n tr o llin g  the 

flow  o f  cold water through the co o ling  c o il  f i t t e d  w ith  the 

bath . When the tem perature o f  the co o lant  in  the bath  became 

constant and steady , as recorded by the thermometer ( l l ) ,  

a tten tio n  was focussed on to the control o f  vapour g e n e ratio n  

at a constant rate , at  atm ospheric p r e s s u r e . A co n d it io n  o f  

stagnant vapour in s id e  the test  condenser was m aintained  . 

throughout the  experim ent, by not a llo w in g  vapour to p ass  

through the bottom U-tube by m ain ta in ing  a l iq u id  lev el in  i t .

The p ressure  was checked from the lev el o f  m ercury manometer 

p rovided  w ith  the v a p o u r is e r . W hile  o b serv in g  for the steady  

state the condensate was re c irc u la te d  to the v a p o u r is e r  as i t  

was formed in  the te st  condenser. Steady  state  c o n d itio n  was 

ensured by checking  the constancy o f  condensing  w all  tem peratures , 

coolant i n l e t  and o u tle t  tem peratures, vapour  in l e t  and 

condensate o u tle t  tem peratures of the system .'

4 . 2 . 3 . 3  D ata  Recording .

A ft e r  reaching  steady state  c o n d it io n  the system  was 

ready fo r  d a ta  reco rd in g . The stop-cock at the o u t le t  o f  the 

condensate c o lle c t o r  was closed  s im u ltan eo u sly  the stopw atch  

was made o n . At a constant coolant tem perature  and flow  rate
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a measured amount £ 200 cc . for d iv e r g in g /c o n v e r g in g  ana 

100 c .c .  fo r  diverging- converging  (com bined) 3 o f  condensate 

was co llected  in  the c o llecto r  and the corresp onding  tim e fo r  

co llectio n  was recorded from the stopw atch . W hile  condensate  

was gettin g  c o llec ted / the in le t  and o u t le t  coolant tem peratures/ 

vapour and condensate tem peratures and also  the tem peratures 

of the condensing w all were recorded . The stop-cock o f  the 

condensate co llector  was then opened and the hold  up condensate  

in  the co llector  was allowed to recycle  back to the v a p o r is e r .

To ensure the correctness o f  the data  recorded  the experim ent 

was repeated a tle a st  fo r  th r ice  by m ain taing  the same c o n d it io n s .

■Following the above procedure runs were taken  for  fo u r  

cooling w ater  flow r a te s , e . g . ,  1 00 , 2 0 0 , 300 and 400 l i t r e s /h r .  

In a s im ilar  way experim ents were repeated  fo r  thi'ee d i f f e r e n t  

coolant in l e t  tem perature conditions  e . g .  3 0 ° /  40 ° and 5 0 °C .

Thus for  a p a r t ic u la r  l iq u id  vapour and for  a p a r t ic u la r  t e s t  

condenser system, .twelve sets o f  runs were tak en , each  set  

being  repeated t h r ic e .

The co llected  experim ental d a t a , t h e ir  g rap h ic a l  

m an ifestatio n s  and a n a ly s is  have been p re se n te d  in  the n e xt  

chapter.
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PLATE - 2 Cooling Water Recirculation PLATE - 3
Arrangement -Lest Section And

Vaporiser



PLATE - 4 Condenser Test Section,
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CHAPTER - 5

RESULTS AND D ISCUSSION

The o b je c tiv e s  o f the p resen t  work (as d isc u sse d  in  

Chapter - 1) are b r ie f l y  stated h e re . Thes-e ares

1 ) to develope mathematical models to study heat tr a n s fe r  

c h a r a c te r is t ic s  in  d iv e rg in g , converging  and 

diverging- converging combined cone sectio n s ;

2 ) to v e r i fy  the above models through experim ental 

in v e s t ig a t io n s , and

3) to h ig h lig h t  the sp e c ific  advantages o f  this  

constricted  geometry over stra ig h t  geometry, e s p e c ia lly  

in  enhancing the heat tr a n s fe r  e f f ic ie n c y .

As already  discussed  in  Chapter-4 , extensive  experim ents 

w e r e .c a r r ie d  out w ith  s p e c ific  d iv e rg in g , converging and 

d iverging- converging  cone sections f d e t a ile d  dim ensions have 

been g iven  in  Appendix- II (Table A I I - 1  and Table AII- 2) ^ to f in d  

out the e f fe c t  o f  vario u s  parameters' l ik e ,

1 ) coolant flow  rate ;

2.) coolant in l e t  tem perature;

3) cone angle;.

4) p h y sic a l  p ro p erties  o f  l iq u i d s ; and

5) tem perature d i f f e r e n c e ( A  Tf) between w all and. 

condensate film ;

on the condensation  heat t r a n s fe r  c h a r a c t e r is t ic s  o f  the svstem .



79

C orrelations  d ep ictin g  these  param eters have been o b ta in ed  both 

th e o r e t ic a lly  and exp erim en tally .

Experim ents were also carried  out with stra ig h t  uniform  

tube in  o rd er  to compare the performance o f  the co n str icted  tube 

w ith  that of s tra ig h t  tube . D e ta ile d  dim ensions o f  these  e q u i­

valen t  s t r ig h t  tubes are given  in  Appendix- II (Table AII- 3 and 

Table  A ll- 4 ) .

Th eo retica l  and experim ental r e s u lt s  are reported in  

Appendix-I (Table Al-1 to Table Al-63) and t h e ir  grap h ical 

m a n ifestatio n s  are furn ished  in  figures  5 .1  to 5 . 9 .

The p h y s ic a l , transport and thermodynamic p ro p e rties  o f  

the te s t  l iq u id s  are given  in  A pp end ix- III (Table A I I I - l ) .  

C alculatio ns  were carried  out by  taking  the  l iq u id  p ro p e rties  at 

the sa tu r a t io n  tem perature, since i t  has been experim entally  

observed that the average condensate temperatures were very  c lose  

to the satu ratio n  temperatures of the l iq u id s  . Sample c a lc u la t io n s  

are g iv en  in  the Appendix- VI.

5 ,1  E f fe c t  o f  Coolant Flow Rate:

The rate o f  heat tr a n s fe r , Q, is  d iv id ed  by the 

respective  heat  tran sfe r  area o f  the t e s t  condenser sections  to 

o btain  heat f l u x , q , which is  p lotted  a g a in s t  coolant flow  r a t e . 

Figure 5.1- 1 and fig u re  5 .1- 2 show the e f f e c t  o f coolant flo w  

rate on heat f lu x , q , fo r  the condensation  o f  water and eth y l 

acetate  vapours in  d iv erg in g  cone se c t io n s , fo r  cone angles  

0 = 5 ° ,  1 0 ° ,  1 5 ° , and 1 9 ° .  During  these experim ents the c o o lan t
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I t  is  evident from the p lo t  that for the same cone angle 

and coolant in le t  tem perature/ q increases  w ith  the in crease  in  

coolant flo w  ra te s . This may be a ttr ib u te d  to the fact  that the 

increase  in  coolant flow  rate increases  the turbulence  in  the 

an n u lu s . As a natural consequence, the coo.ling water film  

thickness  gets d istr ib u ted  and is  reduced r e su lt in g  in  increase  

in q . I t  is  also , evident from these fig u res  t h a t  for  a p a r t ic u la r  

flow  r a t e , q in c r e a s e s ' w ith increase  in  cone a n g le , 0 .  Carbon- 

tetra- chloride  and ethyl alcohol vapours also  show sim ilar  t r e n d . 

Converging and diverging- converging cone sections behave in  a 

s im ilar  manner as can be seen from fig u re  5.1- 3 to fig u re  5 .1 - 6 . 

Here also  coolant in le t  temperature is  3 0 °C . For h ig h er  coolant 

tem peratures there  is  decrease in  corresponding  q values  but the 

o v era ll  e f fe c t  is  s im ilar , as can be seen from experim ental data  

given  in  Appendix- I.

The e f fe c t  o f  coolant flow  rate on average condensing  

film  heat t r a n s fe r  c o e ff ic ie n t  is  shown i n  f ig u re  5.1- 7 to 

fig u re  5 .1- 10  for condensation  o f  w ater , ethyl acetate , ethyl 

alcohol and carbon- tetra- chloride vapours in  d iv ergin g  cone 

sections w ith  0 = 5 ° ,  1 0 ° , 15° and 1 9 ° , the coolant in l e t  

tem perature be ing  3 0 °C . I t  is  seen, that for  the same cone a n g le ,

0 , the  average heat t r a n s fe r  c o e f f ic ie n t  decreases w ith  in c re ase  

in  coolant flo w  rates and for  a p a r t ic u la r  flow  rate average heat  

tr a n s fe r  c o e f f ic ie n t  increases  w ith  increase  in  0 .  A change in  

the c h aracter  o f  t h is  dependence is  p o s s ib ly  caused by a change

temperature was kept at 30 °C .
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in  the nature  o f  the condensate film* With the increase  in  the 

coolant flo w  rate  the rate o f  condensation in c reases , as a r e s u lt  

o f  which  the film  thickness increases causing increase  in  r e s is ­

tance to heat flow  across the film , vis-a-vis gradual decrease  in  

heat tra n s fe r - c o e ffic ie n t . At lower range of coolant flo w  rates , 

however, the amount o f  condensation is  not appreciable as can be 

seen from the figures  5.1-7 to 5 .1- 13, p a r t ic u la r ly , fo r  h ig h er  

cone a n g le s . This has' reflected  in h igher film  heat tra n sfe r  

c o e f f ic ie n t  because of lower film th ickness .

The e f fe c t  o f coolant flow  rate on average heat t r a n s fe r  

c o e f f ic ie n t  is  found to be sim ilar in  the converging and 

diverging- converging  cone section as w e ll . This can be seen from 

figure  5 .1- 11  to figu re  5.1- 18 for the same experim ental condi­

t io n s . The d iffe r e n c e  is only  in  the magnitude of the correspond­

ing heat t r a n s fe r  c o e ffic ie n ts  which are the h ig h est  in  case o f  

d iv e rg in g  cone sections and the lowest fo r  diverging- converging 

cone s e c t io n s .

The reason for h igher heat tr a n s fe r  c o e f f ic ie n t  in  case 

o f  d iv e r g in g  cone sections and lower value in  case o f  converging 

cone se c t io n s  can be explained as follows. In  case o f  d iv e rg in g  

cone sectio n  due to its  configuration , flow  area for condensate 

grad ually  in creases  ca.using spreading of the condensate f i lm .

This reduces the film  thickness, vis-a-vis resistan ce  to heat  

flow . As a r e s u lt  o f  which heat tran sfer  c o e ff ic ie n t  in  

d iv e rg in g  cone section  in creases . Whereas in  ca.oe o f  converging  

cone s e c t io n , flow area gradually  decreases re su lt in g  in

8 6
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accum ulation o f  condensate, which causes increase in  film  

thickness and reduction in heat transfer c o e ff ic ie n t . In  case 

o f diverging- converging  cone section, the total length is  double 

the length  o f  e ith er  diverging or converging section  and as a 

natural consequence the film  thickness w il l  be h ig h er . This is  

responsible  fo r  g iv in g  lower heat transfer  c o e ffic ie n t  in  

diverging- converging  combined cone section compared to that 

obtained  in  e it h e r  diverging  or converging cone. The fact  may 

be co n sid ered  that the additional condensate formed in  the 

d iv ergin g  p o rt io n  is  also fa llin g  along the wall o f  the conver­

ging cone sectio n  thereby increasing the film  thickness fu rth e r . 

That is  why average heat transfer  co effic ient  value in  case o f  

diverging- converging  cone section is  the lowest.

5 .2  E f f e c t  O f  Coolant In let  Temperatures

As already  mentioned, experiments were carried  out w ith  

three d i f f e r e n t  coolant in le t  temperatures v i z .  3 0 ° , 40 ° and 50 °C . 

Figure 5 . 2 - 1  to fig u re  5 . 2-6  show the e ffe c t  o f  coolan-c ..nlet 

temperature on  heat flu x  for  condensation of water and ethyl- 

acetate vapours in  d iverging / converging and d iv erg m g - co n v erg m g  

cone se c tio n s  resp ectiv ely . As expected, the heat flu x  g rad u ally  

decreases w ith  increase  in coolant in le t  tempL.raturec. ^hio

■. -I T.Ta+-r̂ r terroocrature in creases ,
because as the  in l e t  cooling water

,  ̂ 4-Vî  t.tti11 reduces, ^s a re s u lt  the
temperature d if fe r e n c e  across the wall i _ a

4-v,̂  rnnlant for a p a r t ic u la r  flow  
amount o f  h e a t  transferred  to the cooianu „

4-v.̂  rate o f  condensation also 
rate d e c r e a s e s . C o n s e q u e n t l y  the
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reduces. In  these plots the coolant flow rate is  kept constant 

at 100 l i t s / h r .  The e ffect  o f  coolant flow rate on heat f lu x  has 

already  been discussed  in  the previous section . The e f fe c t  o f  

coolant i n l e t  temperature on the condensation o f  ethyl alcohol 

and carbon- tetra- cbloride vapours is found to be s im ilar .

Ih e  e f fe c t  o f  coolant in let  temperature on the average 

heat t r a n s f e r  c o e ffic ie n t  has been shown in  figure  5 . 2-7  to 

figure  5.2-rl8 for  condensation o f the water, ethyl alcohol, ethyl 

acetate and carbon-tetra-chloride vapours in d iverging , converg- 

ing and d iv e r g in g —converging cone sections, fo r  a constant 

coolant flow  ra te . With the increase in  coolant in le t  temperature, 

the average heat transfer  coefficient also increases . The 

probable reason  for th is  can be attributed to the fact that  as 

the coolant in l e t  temperature increases, Zi'T^ decreases 

(figure  5 .2 - 1 9 ) ,  which ultim ately  increases the average heat 

tran sfe r  c o e f f ic ie n t . Further, with the increase o f coolant 

in le t  tem perature at a p articular  flow rate , amount o f  condensate 

form ation d e c r e a s e s . This is  responsible for reduction in  

condensate film  thickness vis-a-vis resistance to heat t r a n s fe r . 

Therefore , at  h igher  in le t  temperature, increase in  heat tr a n s fe r  

c o e ff ic ie n t  i s  l o g ic a l .

5*3 E f fe c t  O f  Cone Angle;

To a sc e rta in  the influence of cone angle, 0 , on the 

heat t r a n s fe r  c h a rac teristic s , experiments were carried  o u t  w ith  

four d i f f e r e n t  cone angles v i z .  0 = 5 °> 1 0 ° ,  15° and 1 9 ° .
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The e ffe c t  o f cone angle on average heat tran sfe r  

c o e ff ic ie n t  is  shown in figure 5.3-1 and figure  5 .3- 2 , for 

condensation  o f  water and ethyl acetate vapours in  d iverging  

cone se c t io n s / for d iffe re n t  coolant flow  rates e .g .  100 , 200 , 300 

and 400 L i t s /h r .  These plots are for coolant in le t  temperature 

= 3 0 °C . I t  w i l l  be seen that average heat transfer  c o e ffic ie n t  

in creases  w ith  increase in  cone angle, 6 . For a p a r t ic u la r  cone 

angle., low er coolant flow rate gives higher average heat tran sfe r  

c o e f f ic ie n t .

Converging and diverging-converging cone sections 

behave in  a s im ilar  fashion and this has been shown in  f ig u res

5.3- 3 to 5 .3- 6  respectively . Again magnitudewise d iverging  cone 

section  g iv e s  maximum heat transfer co e ffic ie n t  and i t  oecomes 

minimum in  case  o f  diverging-converging combined cone sections

under the  same experim ental conditions.

Thus i t  is  seen that as cone angle increases the average

condensing film  heat transfer  co effic ien t  also in c r^as^s , but i t  

should be noted  that as the cone angle increases , pressure drop 

in the annulus becomes larger than that in the equivalent stra igh  

tube [ 1 5 0 ]  . T h is , therefore, brings forth the conclusion  that

,, , , r , n, f pr coefficient- increases w ith
"chough the average heat tran^t^r  o-

-i 1T1 rr')"t"irpum v a l u e  oj- c on e  a n g l e  c o u l d  b e  
i n c r e a s e  m  c o n e  a n g l e ,  an  o p a n u i

v. • , ^  v -,-b fm n- Eer co e ffic ie n t  is  appreciably
chosen at which the heat r̂cxû -ce

h -nenalty is Icopc within 
large, but at the sametime pressure drop per c. y

reasonable  l im it s . ,
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In  case of. heat flu x , q, it  gradually  decreases with 

increase  in  cone angle, as it  is evident from figure 5 .3- 7 and 

fig u re  5 .3 - 8 , which are for condensation of water and carbon- 

tetra- chloride  vapours in  diverging cone sections. The coolant 

in le t  tem perature is  30 °C , Variation  o f coolant flow rates has 

also been  shown in  these figures .

Although the heat flux  decreases with increase  in  cone 

angle, the rate  o f  heat transfer, Q, as can be seen from the 

heat t r a n s f e r  data [" Appendix-1. (Table A1--1 to Al-36) j. , 

increases  w ith  increase  in  cone angle for  a ll  coolant flow  rates 

and co o lant  in le t  temperatures. The average heat tran sfer  

c o e f f ic ie n t  increases  with increase in cone angle , 0 , as already

shown in  f ig u r e  5.3- 1 to figure 5.3- 6.

The temperature d ifference  ( A T f ) between film  and 

condenser w a ll  plays an important role in  increasing  the heat 

tr a n s fe r  c o e f f ic ie n t  v alues . A  T f decreases w ith  increase i n  cone 

angles' fo r  a p a rt ic u la r  coolant flow rate and increases w ith  

coolant f lo w  rate fo r  a particular  cone angle, 0 , (Figure 5 .8 - 3 ) .  

This i s  true  both  fo r  converging and diverging- converging cone

sections  a l s o . The e ffect  of A  Tf on the hoat transj-or 

c h a r a c t e r is t ic s  w il l  be discussed in  the next section .

f ^ n v o r a in a  and diverging- converging 
The behaviour o f convtrginy

■i 'Tr'r* nVipncfGcl./ is  iio^nci to 
cone s e c t io n s , when cone angles

• , qprtion. This can be  seen
sim ilar  to that  o f  diverging c o n -

c o 1 9 for condensation o f  water 
from fig u r e  5 .3- 9 to figure 5 .3- 12, ror c

for c o o la n t  in le t  tem perature 3 0 ° C .  
and eth y l a lco h o l vapours ana j.oi
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Here also  the only difference  is  in  the magnitude o f  heat f lu x  

values , w h ich  is  maximum in  case of diverging cones and minimum 

in case o f  diverging- converging cones.

5.4- E f fe c t  Of <6 . T f  ?

As already  discussed in  Chapter-4, wall temperatures o f  

the condensing  surface were measured by means o f copper— 

constantan thermocouple wires and-.A T^ is  the temperature 

d iffe r e n c e  between w all and film . Temperatures measured at 

d if fe r e n t  p o s it io n s  along the height of the condenser te st  

section were found to be constant for a p artic u la r  set o f  exp e r i­

ments. W all temperatures o f a ll  the test  sections and exp e r i­

ments have been given in Tables Al-1 to Al-36 of Appendix-1,

F ig u res  5.4-1 to 5.4-12 show the e ffec t  o f &  T f  on 

average heat  tran sfe r  co effic ient  for condensation o f  w ater , ethyl 

alcohol, e th y l  acetate and carbon-tetra-chloride vapours in  

d iv e rg in g , converging and diverging-converging cone sections 

re s p e c t iv e ly . As expected, the average heat tran sfer  c o e f f ic ie n t  

values decrease  w ith  increase in /ii  T_^. I t  also demonstrates the 

s e n s it iv it y  o f  &  T^ in  determining average heat tran sfer  

c o e f f ic ie n t . From plots i t  is  evident that the cfrect is  ^ u it e  

prominent in  the lower range o f A  Tf v alu es .

F ig u res  5 .4- 13 to 5.4-15 show the e ffe c t  of A T f on heat 

flu x  fo r  condensation  of water and organic vapours in  d iv e r g in g , 

converging and diverging-converging cone sec tio n s . Two separate  

lines have been obtained  for  water and organic  vapours. I t  is



l-J
o
fNJ

E
i _
jC
\

CJ

20000

16000

~  12000 
ij=

8 0 0 0

Diverging cone sect ion
System -  W af e r

- L . i I

o 5
A 10
A 15
© 19

J_____ i_____ L
10

A T f  f ° C )

12 U 16

F,g - 5 . 4 .  EFFECT OF A T f  ON HEAT TRANSFER COEFFICIENT FOR
O'V'2) CONDENSATION OF (1 ) WATER VAPOURy (2 )  ETHYL ALCOHOL

VAPOUR IN DIVERGING CONE SECTIONS



Diverging cone section

FIG.5 . 4 . EFFECT OF A T f  ON HEAT TRANSFER COEFFICIENT FOR
( 3 £ / n  CONDENSATION OF ( 3 )  ETHYL ACETATE VAPOUR,(4 )  CARBON-

T E T R A - C H L O R I D E  IN D I V E R G I N G  CONE S E CT IO NS



f ig  5 L EFFECT OF A T f  ON HEAT I K A N b r t K . L u n r n u t m  r u «
( SSG)  CONDENSATION OF ( 5 )  WATER VAPOUR,( 6 ) ETHYL ALCOHOL

VAPOUR IN CONVERGING CONE SECTIONS



A T f  ( ° C )

Converging cone section

A T f ( ° C )

FIG 5 a EFFECT OF A T f  ON HEAT TRANSFER COEFFICIENT FOR
***> ‘ COND EN SA TIO N  OF ( 7 ,  ETHYL ACCTATC V A P O U J I B . CARBON

T E T R A -C H L O R ID E  VAPOUR IN CONVERGING CONE SECTIONS



D iverg in g -c o n v erg in g  cone section 
S ystem  -  Ethyl alcohol

F|G.5.4 EFFECT OF A T f  ON HEAT TRANSFER COEFFICIENT FOR
( 9 $  10) CONDENSATION OF ( 9 i  WATER VAPOUR,(10) ETHYL ALCOHOL

VAPOUR IN D IVERGING” CONVERGING CONE SECTIONS



A T f  ( ° C )

FK 5.5.4  EFFECT OF A T f ON HEAT TRANSFER COEFFICIENT FOR
O t t l f l  CONDENSATION OF (11) ETHYL ACETATE VAPOUR,(12) CARBON- 
a H l 2 )  ; ° ™ [ 0RlDE v a p o u r  ,N d iv e r g in g -  CONVERGING ■

CONE SECTIONS



118

Diverg ing cone section 

°  Water

A T f ( ° C )
FIG 5 4-13 EFFECT OF A T f ON HEAT FLUX FOR CONDENSATION 

OF WATER, ETHYL ACETATE; ETHYL ALCOHOL AND 
CARBON-TETRA-CHLORIDE VAPOURS IN DIVERGING 
CONE SECTIONS



10
“

 ̂
(K

ca
l/

h
r
119

20

16

8

X

Ic r

0

-U

Converging cone section

°  W ater

A Ethyl acetate

v  Ethyl alcohol

a Carbon-te fra-chloride

0 16 204  8 12

ATf (°C )

F|G.S.4,14.EFFECT OF A T f ON HEAT FLUX FOR CONDENSATION 
OF WATER, ETHYL ACETATE, ETHYL ALCOHOL AND 
CARBON-TETRA-CHLORIDE VAPOURS IN CONVERGING 
CONE SECTIONS



120

D i v e r g i n g - c o n v e r g i n g  cone sect ion

FIG.5 .4 -1 5 .EFFECT OF A T f ON HEAT FLUX FOR CONDENSATION 
OF WATER* ETHYL ACETATE, ETHYL ALCOHOL AND 
CARBON-TETRA-CHLORIDE VAPOURS IN D IV E R G IN G -  
CONVERGING CONE SECTIONS



evident from the graphs that the heat flu x  increases with 

increase  in  A  T f( and this  commensurates with the basic

p rin c ip le  o f  heat tran sfer .

5 .5  Com parison of Theoretical And Experimental Results.

F igures  5.5- 1 and 5,5-2 compare the experimental values 

of average heat  tran sfer  coeffic ient with that obtained th eo reti­

cally by u s in g  equation (3 ,2 .2 2 )  for condensation o f water and 

organic vapours respectively  in  diverging cone sections . Data 

points fo r  a l l  the cones v i z . ,  9 = 5 %  1 0 ° , 15° and 19° have been 

p lo tted . C alcu latio n s  were carried out on the basis  o f  the same 

A  T_p v a lu e s , obtained  experimentally.

F igures  5*5-3 and 5.5-4 compare the experimental values  

of average h eat  tran sfe r  coefficient and that obtained t h e o r e t i­

cally  by u s in g  equation  ( 3 .3 .1 7 ) ,  for condensation o f water and 

organic vapours respectively  in converging cone sectio ns .

Figures 5 .5 - 5  and 5.5--S represent sim ilar comparison fo r  diverg- 

ing- convcrging cone sections . For diverging-cgnverging cone 

sections th e o r e t ic a l  values have been calculated from equation  

^3.4  t, 12 ) .

In  a l l  the three cases, the experimental values o f heat 

tran sfer  c o e f f ic ie n t  are found to be h igher than the th e o re tic a l  

ones f o r  most o f  the data points . This may be attributed  to the 

fact that  the various  assumptions, as already discussed in  

connection w ith  the mathematical analysis , might hove re su lte d  

in some sort  o f  s i m p l i f i c a t i o n ,  o f  the actual experim ental
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FIG. 5 5 -1  COMPARISON OF EXPERIMENTAL AND THEORETICAL
VALUES OF HEAT TRANSFER COEFFICIENT FOR CONDENSATION 
OF WATER VAPOUR IN DIVERGING CONE SECTIONS
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HEAT TRA NSFER COEFFICIENT FOR CONDENSATION OF ETHYL-ACETATE , 
CTC A N D  ETHYL ALCOHOL VAPOURS IN DIVERGING CONE SECTIONS
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FIG. 5 .5 -5 . COMPARISON OF EXPERIMENTAL AND THEORETICAL 
HEAT TRANSFER COEFFICIENT FOR CONDENSATION OF 
WATER VAPOURS IN DIVERGING-CONVERGING CONE SECTION



1 2 7

T P A n ! F E SR 1 0°EFFE!ClENT f I r 'C O N D E N S I t f o ° N  " pC E T H Y l '

“ S « P 0 “ ' s l "DIVERGING-CONVERGING CONE SECTIONS



conditions/ thereby reducing the theoretical values o f heat 

transfer  c o e f f ic ie n t . However/ the overall standard d ev iatio n  

of th e o r e t ic a l  and experimental heat transfer co effic ients  for  

the d iv e r g in g , converging and diverging-converging sections are 

found to be 1 9 .5 ,  1 5 .6  and 16 ,5  percent respectively .

5 .6  V a r ia t io n  Of Mean Nusselt Number and Condensate Reynolds 
Number:

F igure  5.6- 1 depicts the variation  of mean N usselt 

number w ith  condensate Reynolds number for condensation o f  water 

vapour in  d iv e r g in g  cone section with 0 as the third  param eter.

From the  p lo t  i t  is  evident that the mean Nusselt number 

gradually  decreases  .with the increase in Reynolds number. W ith  

the in c r e a s e  in  the coolant flow rate at a particular  coolant 

in let  tem perature/ the rate o f  condensation increases and as a 

result o f  th a t  film  thickness increases. This causes decrease  in  

heat t r a n s fe r  c o e ffic ie n t / which commensurates with the fact  that  

the condensation  is  o f  film  type/ atleast up to the range o f  

condensate Reynolds number that has been obtained in  the exp eri­

ments. Condensation  of carbon-tetra-chloride vapour (F igure  5 .6- 2) 

and o th e r  vapours follow  the same basic trend . From the p lo t  

it  is  e v id e n t  that fo r  a particular  condensate Reynolds number, 

mean N u sselt  number increases with increase in  cone angle , & , 

which in d ic a t e s  that  film thickness decreases with  increase  in  

cone a ng le , w hich  has already been discussed m  section  „ . 3 .

For converging and diverging-converging cone sectio ns

128
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Diverging cone section

FIG.5 .6  - 2 .  VARIATION OF Ref WITH Nu FOR CONDENSATION OF CTC VAPOUR'
IN DIVERGING CONE SECTIONS
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F|G . 5 . 6 - 4 .  VARIATION OF Ref WITH Nu FOR CONDENSATION OF CTC
VAPOUR IN CONVERGING CONE SECTIONS
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FIg- 5 . 6 - 6 . VARIATION OF Ref WITH Nu FOR CONDENSATION OF CTC VflPODR
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the b a sic  trend  is  similar- as i f  iq - -•  ̂ ^
- a° ls evioenc rrorn figure  5 . 6-3

to fig u re  5 .6 - 6 . ' -

5 .7  C o rre la tio n  For Average Heat Transfer Data:

1 / '

5 .7 .1  R e la t io n  Between —  J an(j p̂e

7>. x/ J
/ V

3 Ref ,
p\ g k j

V

From theoretical analysis of filmviise condensation in

div ergin g , converging  and diverging-converging cone sections we
1 /

—' ? 2  ̂-i
can arrive  at  a general relationship  between h^ [ A J  / / f 9  * 1 ] 

(dim ensionless) and condensate Reynolds number, 

rom eouations (3 .5 07 ) , (3,5 el5) ■ an# ( 3 *5 *2^ ) /■ following relatio nship  

is o b t a in e d .

2 1/<3
H i[— ^ 1 ?—3--J = 1 .5 85  fc . Ref " 1/3  . . .  ( 5 .7 .1 )

p i*

(l- a)l / 3 (l«-a7 /3 ) 2 /3  -

where, fc  = ---“ ° cos ® J

(1- a2 )

and , a - r w1 /  
r 2

1/3

fa c t o r  K ± \j?f  /  f a  ] »*<* the Re£ have als°  been

calculated  from the experimental results ana wnen i lotted g iv e

a re la t io n s h ip  of the form,
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2 1-/3

-  r  A - 1  ' - 1 /3
J c * xc' u0f • • •  ( 5 .7 .2 )

I
where, C is  the slope.

The magnitude o f  .the slope C" has been determined for  

the three caaes v i z .  diverging, converging and diverging- converg­

ing cone s e c t io n s , by the method o f  least squares using I-ICL 

2000 Com puter.

R ep lacing  C  by numerical figure , equation ( 5 .7 .2 )  

gives the fo llo w in g  expression which is  common for  all the three

systems.

2 1- ^

h f — ,JL— I = 2 .0 0  fc . Ref 1//3 . . . ( 5 . 7 . 3 )

1  P \ g  J

The co rrelatio n  c o e f f i c i e n t  for t h e  aoove expression

is 0 .7 0 .

F igure  5 .7- 1 to figure 5.7-3 have^been plotted w lt^ /3

experim ental v alues  o f  h± g k3 1 Snd [ rc'/R e f3

for condensation  o f  water, ethyl alcohol, ethyl acetate and 

carbon- tetra- chloride vapours in  diverging, converging and

&iv erg in g _c o n v erg in g  cone sections respectiv

Fm qselt's theoretical so lu t io n  
The lowest curve i.s the i.ussej-x.

o-f r---, v e r t i c a l  surface f  1 5 71  , w h i c h
o f  f i l m w i s e  c o n d e n s a t i o n  on a  smootn v e r u c  u t
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2 1 '/3 
f / * f -1/3

h _. j = 1 .47  Ro. . . .  (5 .7 .4)

k f

gives relationship  of the form,

rne curve arove the N usselt 's  solution represents

theoretical curve fo r  constricted tubes, given by equation (5 . 7 . 1

F igu res  5,7-4 to 5.7~6 give the plot of experim ental

1
— ~ 2 . 2  3 “i

values o f  h ^  j /p.^3  j and Re^ for condensation o f water

ethyl a lc o h o l , ethyl acetate and carbon-tetra-chloride vapours 

in d iv e r g in g , converging and diverging-converging cone sections 

re sp e c t iv e ly . The lowest line  in  each figure  is  the N u s s e lt ’ s 

theoretical so lutio n  o f  filmv/ise condensation on-smooth v e r t ic a l  

surface . The corresponding upper line represents the p resent 

theoretical so lution  o f  filmv/ise condensation in  v e rtica l  

constricted  tu b e s .

5.7.2  R e la t io n  Between Mean -Nusselt number (jvu) and 

Condensation  Number *

The v a r ia t io n  o f various parameters and their  e ffe c ts  

have been shown in  figure  5.1-1 to figure 5.7-6 for d if fe r e n t  

s itu atio n s  to get a clear understanding o f  heat transfer  

behaviour o f  the diverging-converging tube system. Dim ensional 

analysis  has  been carried out (Appendix-V) to get a r e la t io n s h ip

•ir.-. , ■ ci n?^am ?ters. From dim ensionalin co rpo ratin g  a l l  the in fluencing  p a^cJ .u ^j .b .

that a relationship  between Nu and 
analysis  i t  has been observed unat: a a w
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J ig u r e  5 .7- 7 'co figure 5.7-9 show plots of Nu v /s  C
- v

for condensation  o f  water, ethyl acetate, ethyl alcohol and 

car.oon-tetra-chloride vapours in diverging, converging and 

diverging- converging cone sections respectively . Observing the 

trend o f  the graphs a generalized correlation of the follow ing  

nature has been  suggested,

Nu = a v- btan 6 ■!- cCv . . .  (5 .7 .5) .

where, ( a -f btan  0) represents the intercept and 'c* is  the 

slope ; a ,b  and c are correlation constants. The values, o f  these 

co rrelation  constants nave been determined by the method o f  leas" 

squares u s in g  a d ig it a l  computer HCL 'B C 2/82 .

Equation  ( 5 .7 .5 )  gives the following expressions fo r  

d iffe r e n t  system s, where a, b, and c are substituted with

num aricals,

" 1 1
Diverging j Ha -- 72 + 3007tan 9 + 0.8359 x 10 . Cv . . . ( 5 . 7 . 6 )

Cy can define  the system well.

-11
Converging; Nu = 72 27l7tan 6 -!- 0.8439 x 10 ,Cv

Diverging- in-l2

,..(5 .7 ,7)

C . 7720 x  10"  . C . . . ( 5 ; 7 . 8 )Converging:: Nu ~ 51 2454tan « o. / /^u x ^

The co rrelatio n  co effic ientsfor  the above e g r e s s i o n s

(5 - 7 .6 ) , ( 5 . 7 . 7 )  end (5 . 7 . 8) are 0 .9 2 ,  0 .9 2  and 0 .9 6  r e s p e c t iv e ly .

5*8 Com parison Of Condensation Performance.

C o ,  ficrure S . 3-2 show the comparison o f
j.‘ x gu  re 5 * 8 3.na x xu u. a. ̂
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condensation p en o rm an cc  of diverging, converging and diverging- 

converging cone sections , for  condensation o f  water vapour at 

coolant i n l e t  temperature 3 0 5C ( for 0 = 10 °) and 5 0 °C ( for 

0 19'') r e s p e c t iv e ly . To compare the performance of the 

constricted tube  system with that of straight uniform tube, 

experiments were conducted with straight uniform tube having 

same 'heat t r a n s fe r  area and length ( or h e ig h t ) . This was 

discussed in  d e t a ils  in  Chapter-4. To keep the heat tran sfer  

area and len gth  same, the diameters of the straight tubes were 

changed according  to the equivalent diameters o f the d iffe r e n t  

cone s e c t io n s .. For testing  the performance, three straight tubes 

with area eq u iv a len t  to cones having 0 = 1 0 ° , 15' ano 19° and 

three l iq u id  systems v i z .  water/ ethyl acetate ana car.oon--tecj.a~

chloride were u sed .

The dim ensions of the corresponding shells were kept 

same fo r  both  cone and straight tube test conaenser sections 

during the experim ent in  order to nullify the erfect that may be

caused due to change in  shell dimensions.

From fig u res  5.8-1 and 5.0-2 it  is  evident that the 

average heat t r a n s fe r  co efficient  of the diverging  cone sections

is h igher  than that o f  t h e  c o n v e r g in g  cone sectio ns . The varia-

, . , 9 i n n e r c e n t  on the b a sis  or
tion has been  estim ated to be 2 to 1-
+■>,„ ,. ] er • th (heiqht) for most o f the
the same heat  tran s fe r  area ana

data points.

‘-Vi-'t the average heat tran sfer  
I t  w i l l  be  seen uhat tne _v

is  5 to 15 percent 
c o e ffic ie n t  fo r  converging cone sections is  .
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higher, fo r  most o f  the data points, over that obtained for  

diverging- converging cone sections.

It  is  i-urther observed from the plots that change o f  

configuration  from uniform cylindrical tube to diverging—converg­

ing tube system increases- the average condensation heat tran sfe r  

c o e f f ic ie n t . The degree of augmentation is  about 40% to 80%  for 

most of the data  points*

S im ila r  trend was observed in  case o f  condensation o f  

other vapour systems and at other coolant in let  tem peratures.

The, d i f fe r e n c e  was only in-the magnitude o f  Ri v alues . The 

temperature d if fe r e n c e  ( A  T f ) between film  and wall plays an 

important ro le  in  enhancing the condensation heat tran sfer  

c o e ffic ie n t  in  case o f  diverging-converging systems. Figure 5.d~3 

shows that  /\  T^ values o f  equivalent straight tubes are h igh er  

than th a t  o f  the  d iverging  cone sections/ with o^-her conoitions  

remaining sam e. Th is  is true for converging and diverging- converg­

ing cone sectio ns  a lso .

In  case  o f  vertical unifonn cylindrxcal tubes the flow

of film  condensate is  more or less unidim ensional whereas in 

d iv e rg in g /c o n v e rg in g  s y s t e m  the flow is expected to be two

r* A w i j -i 4- ~ nnnfl miration* As cl I T 0 S l l l t  of
Qim ensional in  nature , aue to its con gu

the film  thickness gets spreaded  
which, in  case  o f  diverging cone, tne j-j-xui

„ ^rmTt-inn This reduces the film
a ffec tin g  the boundary layer io m o tio n . -

■Mr! i i j 4- r a n ci f p r  c o e f f i c i e n t  is  in c re ase d ,
thickness and thus the neac transrc

o, 4. ^  + nlav an important ro le  here
Surface t e n s io n  is  also e x p e c t e d  to pi^y  ax

-*-n reducing  the film  thickness.
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Converging cone section on the other hand, due to its  

conriguration , is  expected to behave in a manner opposite to 

diverging cone . As the condensate film flows downward along the 

converging su rfa c e , flow  area decreases and film thickness 

increases. For th is  reason converging cone section gives less 

heat t r a n s fe r  c o e fr ic ie n t  and is less e ffic ien t  compared to the 

diverging cone s e c t io n . But due to the contraction o f  the 

converging su rfa c e , film  flow  disturbs boundary layer formation 

unlike uniform  stra ig h t  tube. This phenomenon is  probably 

responsible fo r  getting  high heat transfer co effic ient  in  converg­

ing cone se c t io n  compared to that achieved through straight tube 

under s im ila r  o p eratin g  conditions.

5 .9  E ffe c t s  o f  m ultiple  Diverging-Converging Units In  S e r ie s :

A s  m entioned e a r lie r  in Chapter-4, to establish  the 

practical s u i t a b i l i t y  o f  the proposed system, experiments were 

carried o u t  w ith  tubes containing one, two, three and four 

diverging- converging u n it s . The detailed  inrormationsnave been 

given in  T able  A II- 4 . These e x p e r i m e n t s  were carried out to fin d  

out the b e h av io u r  o f  these diverging-converging units  when jo ined  

together in  s e r ie s . The c o n s t r u c t i o n  was such -chat the condensate 

fr° m the upper  d i v e r g i n g - c o n v e r g i n g  unit d id  not fa l l  on the 

surface o f  the low er u n it s . This was done by projecting  the lower

P°^tion o f  each d i v e r g i n g - c o n v e r g i n g  unit inside  the next lower

Unit ( F igure  4 . 5 ) .

b-en observed experim entally
T-’- ith  t h i s  m o d i f i c a t i o n  i t  has o
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that the number of  units  in series does not have any s ig n i f ic a n t  

influence on the average condensation heat transfer c o eff ic ien t /  

h^. Th is  can be  seen readily  from figure 5.S--1 to figure 5 .9-5 .

To f in d  out  the effect of coolant inlet  temperatures 

and T_£ on average heat transfer coefficient,  experiments vere 

carried out  w ith  three l iquid  systems v i z .  water, ethyl acetate 

and carbon-tetra-chloride.  The effect of  coolant in let  tempera­

ture on h^ fo r  tubes containing one, two, three and four units  

■of diverging-converging sections has been shown in figure 5 . 9 — 

and f ig u r e  5 . 9 —5 for  condensation of water and ethyl acetate 

vapour at d i f f e r e n t  flow rates as parameters.

F igures  5 .9-6 and 5,9-7 show the e f f e c t  of  A  Tf  on 

average heat  t r a n s f e r  coefficient  for condensation of  water and 

ethyl acetate  vapours in c o n s t r i c t e d  tubes having multiple  units  

As expected,  decreases with the increase i n  A  T f  v alues .

So a tube with augmented heat transfer  and having

pract ical ly  no influence  of length ( or height) on the heat

.c jrmoricp -practical importance 
transfer  c h a r a c t e r is t ic s /  is o~ iron _

n „-f hpat transfer  equipment,
and p o ised  f o r  future development °
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F IG .5 . 9 - 6 .  EFFECT OF ATf ON HEAT TRANSFER COEFFICIENT FOR CONDENSATION 
OF WATER VAPOUR IN DIVERGING-CONVERGING TUBES
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FIG.5 . 9 ~7 EFFECT OF AT# ON HEAT TRANSFER COEFFICIENT FOR CONDENSATION
OF ETH YL-A C ETA TE VAPOUR IN DIVERGING-CONVERGING TUBES
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CHAPTER - 6 .

C O N C L U S I O N

In  the present  investigation attempts have been made 

to shed s u f f i c i e n t  l igh t  on the general heat transfer 

characteristics  for  steady, laminar condensation o f  pure vapours 

with n e g l i g i b l e  surface tension effects in constricted geometry, 

namely, d iv e r g in g ,  converging and diverging-converging cone 

sections .

To sum up :

1 ) M athem atical models have been developed for condensation 

o f  -oure vapours in diverging, converging and diverging- 

converging  cone systems to determine average v e lo c ity  anc 

f i lm  t h i c k n e s s .o f  the condensate, total heat flow  across

,i j , n,ror- local and average heat tran sfer
the condensate layer, iocdx

c o e f f i c i e n t s .

0 \ _ . , out vrith diverging, converging
2 ) Experiments were carrive, o

^prtions to check the
and diverging-'Convergmg

j. W olq.  The exoeri- 
r e l i a b i l i t y  of these mathematical mo-.e

fnimd in good agreement with the 
mental  results  are found in go

t h e o r e t ic a l  predictions.

-L-ir-io nf  the s'vstem are
3) The h e at  tran sfer  c h a r a c t e n s a c ,  of

r ,  s t r o n q  f u n c t i o n  o f  c o o l a n t  f l o w  ro te ,
round to be a s^ro-iy

a m f lu id  Droperties  and
•, ^ i j- fpmnerature, & l £' ' ' J-

co o lan t  m l e u  temper

system c o n f i g u r a t i o n .
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4) experiments v/ere carried out with four cone ::,nglc s,

0 = 5 ,  10, 15 ana 19 degrees. It  has been found that 

for  the  same heat transfer length ( or height) the 

average  heat transfer coefficient increases with 

in c r e a s e  in  cone angles. This is true for all  systems, 

i . e . ,  d iverging ,  converging and diverging-converging 

system s .

5) The average condensation heat transfer coeff ic ient  for 

d iv e r g in g  cone system is higher than that ror the 

converging cone system. The variation is  about 2 percent- 

to 10 percent ,  on the basis of same heat -cransfer area 

and length  (or height) for most of the data points .

6 ) The average condensation heat transfer coefficients  for  

converging cone system are higher than tnat for the 

diverging-converging cone system. The variation  is  

about 5 percent  to 15 percent for most of the data  points,

n\ ■ 4n ^ c t i o a t io n s  i t  has been
7) From the experimental j . u v c ... j

j ...Vi's Pn ffprpnes ( T _) between observed  that the temperature ai.tfer.nce f

v+-=r̂+- m l p  in the process o f  
w all  ana film  P.l«y* an “

. _ , n r v  of the experiment depends 
condensation  and the accuracy oi ^

the condensing surface temperature
upon how accurately 

are measured.

n uniform cy l in e r ic a l
8 ) Experiments were carrie o ■

nerformance o f  straight tubes w ith
tubes to compare the p -

,.n„  tube systems. I t  has been
that  o f  diverging-convergi g



observed  that change of configuration from cylindrical  

tubes to diverging-converging system having the same 

heat  tran sfer  area and length, increases the average 

condensation  heat transfer coefficient .  The degree o f  

augmentation is  about 40 percent to 00 percent for  most 

o f  the data points .

9) The experimental data could be correlated by equations 

( 5 . 7 . 3 )  &  ( 5 . 7 . 6 ) ?  ,(5.7.3) & ( 5 . 7 . 7 ) ;  and ( 5 . 7 . 3 )  & 

(5 . 7 . 8 ) for  condensation of pure vapour in d iverging ,  

converging  and diverging-converging tube systems 

r e s p e c t i v e l y .

10) I t  i s  observed experimentally that the condensation heai, 

t r a n s f e r  co eff ic ien t  can be made more or  less m aepen o en t  

o f  to ta l  heat transfer length ( or  height) by minor 

m o d i f ic a t io n  in  the construction.

11) In  the construction of heat exchangers, i f  uniform tube 

i s  replaced  by constricted tube, the higher e f f ic ie n c y

o f  the  system can be achieved.

On the  whole i t  may be stated that the j.ield is quite

as the constricted geometry
fertile fo r  future  investigations,

i . r , . r  4-rip c o n s t r u c t i o n  o f  the heat
e x h i b i t s  encouraging  advantages

+. . in fabrication cost for such
transfer equipment.  The mcreas-

geometry i s  ho p s a to be compensated by i ts  advantages. More 

elaborate studies  could be conducted to device a well-planned 

procedure for  o p t i mi Zing the design parameters such as e ,  r and H,
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Studies could  be  extended to higher Reynolds number range and 

also to o the r  test  f lu ids  having wide-different physical/  

transport and thermodynamic properties. Work may also be carried 

out using  no.n-Neutonian fluids  as well as fluids  with variable  

physical and transport  properties.



a p p e n d ic e s
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TABLE - Al-1

LIQUID  SYSTEM = WATER

TYPE OF CONDENSER = DIVERGING CONE SECTION 

VAPOUR TEMP. .(T ) = 100°C

Serial

No.

Coolant

Rate

L i t / h r . 

(Kg/hr)

Cone

Angle

(e)

deg.

Average Coolant 

Temperature

Inlet  Outlet & T

(T ) (T )
1 0

°C

Avg.

Wall
Temp.
(T ) 

w

°C

Avg.
Conden­

sate
Temp.

°C

A T f =

T -T 
v w

2

°C

ToT (l) " (2 ) (3) (45 (5) ( 6 )

i 1 0 0 ( 9 9 . 5 6 8 ) 30.0 46 .4 16 .4 80 93 10

2 2 0 0 ( 1 9 9 . 1 3 6 ) 30.1 39.6 9 .5 74 90 13

5°
3 3 0 0 ( 2 9 8 . 7 0 ) 30.1 37.3 7 .2 70 89 15

4 4 0 0 ( 3 9 8 . 2 7 ) 30.3 35.9 5 .6 68 87 16

5 1 0 0 ( 9 9 . 5 6 8 ) 31.0 49.0 18 .0 86 94 7

6 2 0 0 ( 1 9 9 . 1 3 6 ) 30.5 41.0 10 .5 - 82 93 9

7 300 (2 9 8 .7 0 )
1 0 °

30.5 37.9 7 .4 78 92 11

8 400 ( 3 9 8 .2 7 ) 30.0 35.8 5 .8 77 90 1 1 . 5

9 100 (9 9 .5 6 8 ) 30.0 50.0 2.0 .0 8 8 .5 95 5 .7 5

10 200 (1 9 9 .1 3 6 ) 30.5 41.2 10 .7 86 94 7 .0 0

11 300 (2 9 8 .7 0 )  .

15°
30.1 37.8 7 .7 84 92 8 . 0 0

12 400  ( 3 9 8 .2 7 ) 30.0 36.0 6 .0 83 91 8 . 5

13 100 ( 9 9 .5 6 8 ) 29 .8 52 .6 22 .8 90 96 5 .0

14 200 ( 1 9 9 .1 3 6 ) 30.0 42 .5 12 .5 8 7 . 5 9 5 .5 6 . 2 5

15 300 (2 9 8 .7 0 )

19°
30.0 38 .5 8 . 5 86 94 7 .0



TABLE - A 1-1 (Contd.)

S e r i a l  Average Heat - Heat h. , h. ,
No. Conden- Released Received Flux(q) 1 Expt.  1 Theo .

sate by vapour by ~4 Kcal________ Kcal
Rate Coolant . 2

Lg/hj K c a l /h r  Kcal/hr Kcal/hrm*

hr.m. °C hr.irT. °C

(0 ) (7) (8 ) (9) (10) (11 ) (1 2 )

1 3 .0 4 5 1641 1633 11.04 11043 9336

2 3.645, 1964 1892 13.21 10167 ' 8744

3 4»007 2160 2150 14.53 9690 8436

4 4 . 1 9 5 2260 2230 15.21 9505 8302

5 3 . 3 3 9 1300 1792 8.62 12313 10190

6 3 .8 9 8 2100 2090 10.05 11172 9-570

7 4 .1 7 7 2 2 50 2210 •10.77 9794 9102

8 4 . 3 0 5 2 320 2309 1 1 . 1 1 9660 9001

9

10

3 . 8 6 3

4 . 1 6 7

2082 

2 2.46

1991

2130

7.32

7.89

1272.3

11273

10634

10123

11 4 . 3 3 0 2334 2300 8 .20 10251 9791

12 4 . 5 1 2430 2390 8 .54 10045 9644

13

14

— —-- ----

2270

2489

^ 78 13560 10996

4 .2  46 

4 . 5 3 1

2287

2492
7.40 11821 10618

15 4 . 7 5 8 2 558 2539 7.58 108 34 10109

16 5 _ 1 AQ 9 77 7 2 748 8 .23 10269 9777
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_  ;

TABLE - Al-.l (contd.

Serial - 1 /3  , fc Mean Condensation

No. h . (—5 o) Ref Re^= “ t t ?  Nusselt Number 

f f  g k f  " Ref 1/3  Number

(Nu)

9 0.432. 80

12 0 . 3 4 1  94 0 .205

15 0 . 3 6 8  84 0.213

16 0 . 3 4 8  91 0 .208

( C v )
x l O - 1 '

(0) (13) (14) (15) (16) (17)

1 ■ • 0 . 3 7 5  122 0 .188  609 3 .22

2 0 . 3 4 5  146 0 .177  561 2 .68

3 0 . 3 2 9  160 0 .172 534 2 .15

4 0 . 3 2 2  168 . 0 .169  524 2 .01

5 0 . 4 1 8  95 0 .204  967 5 .02

6 0 . 3 7 9  111 0 .194  877 3 .90

7 0 . 3 3 2  119 0 .160  769 3 .1 9

8 0 . 3 1 8  123 0 .188  759 '3 . 0 5

0 .217  1352 6 ,17

10 0 . 3 8 3  87 0 .210  1198 5 .0 7

11 0 . 3 4 8  90 0 .208  1090

1068 4. .11

13 0 . 4 6 0  75 0 .222  1697 7 .50

14 0 . 4 0 1  81 0 .2 16  1480 6 .5 1

1356 5 .35

1285 4 -70



LIQUID  SYSTEM = WATER

TYPE OF CONDENSER = DIVERGING CONE SECTION 

VAPOUR TEMP (T ) = 100°C

Serial

No.

Coolant 

Rate 

L i t / h r .  

(Kg/hr)  ■

Cone

Angle

(0 )
deg.

Average Coolant 

Temperature

Inlet  Cutlet A T
(Tj ) (T )

1 o

°c

Avg.
VJall
Temp.

(T ) 
\'j

°C

Avg.

Conden­
sate
Temp.

°C

£ T f =

T -T 
V w

2

°C

(or (l) (2 ) (3) (4) (5) (6 )

17 100 ( 9 9 . 2 2 5 ) 40 .0 54.0 14 .0 85 94 7 .5

18 2 0 0 ( 1 9 8 . 4 5 )
5°

40.1 48.1 8 .0 82 93 9

19 300 ( ( 2 9 7 . 7 ) 40.1 45.7 5 .6 80 93 10

20 400 ( 3 9 6 . 9 ) 40 .2 44 .6 4 .4 78 91 11

21 100 ( 9 9 . 2 2 5 ) ) 39 .5 54 .6 15.1 89 95 5 .5

22 200 ( 1 9 8 . 4 5 )
1 0 °

40 .0 48.0 8 .0 88 94 .5 6 .0

23 300 ( 2 9 7 . 7 ) 40 .0 46.0 6 .0 86 93 7 .0

24 400 ( 3 9 6 . 9 ) 40.2 44 .9 4 .7 85 9 2 .5 7 .5

25 100 ( 9 9 . 2 2 5 ) 40 .0 56.8 16 .8 91 96 4 .5

26 200 ( 1 9 8 .4 5 ) 40 .0 49.2 9 .2 90 95 5 .0

27 300 ( 2 9 7 . 7 )

15°
40 .5 47 .0 6 .5 89 94 .5 5 .5

28 400 ( 3 9 6 . 9 ) 40 .0 45 5 .0 8 8 . 5 94 5 . 7 5

29 100 ( 9 9 . 2 2 5 ) 40.0 60 .0 2 0 . 0 91 96 4 . 5

30 200 ( 1 9 8 . 4 5 ) 40 .5 51 .1 1 0 . 6 90 95 5 .0

31 300 ( 2 9 7 . 7 )

19°
40.0 4 7 .6 7 ;S  89 - 94 5 . 5
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TABLE - Al-2 (contd.)

Heat - r 
h.

Serial Average Heat - Heat - --- _
]jn Conden- Released  received Flux(q) id „ ^
l 0 ‘ sate b y  vapour by -4

Rate /v,,- Coolant Kcal
K g /h r  ' Kcal/hr  Kcal/hr

°C

h. ,

Theo. 
Kcal______

h r .m ^ . °C

Co) T 'T • (9) ■ dol
U J .  « i u  •  w  

(11) (1 2 )

17 2 . 6 2 3 1414 1389 9.51 12687 10032

18 2 . 9 8 1 1607 1588 10.81 12015 9586

19 3 .1 6 4 1705 1667 11.47 11473 9337

20 3 . 3 2 3 1791 1746 12.05 10957 9117

21 2 .818 1519 1498 7.27 13225 10924

22 2 .9 6 9 1600 1587 7 .66 12769 10591

23 3 . 4 1 9 1842 1788 8.32 12600 10190

24 3 .5 2 4 1900 1865 9.10 12130 10016

25 3 . 5 0 6 1890 1670 6.64 14751 11306

■25 3 .6 0 7 1944 1826 6.83 13661 11012

27 3 . 6 7 0 1976 1935 6 .94 12624 10753

28 3 .7 6 2 2028 1985 7 .13 12392 10634

29 4 .1 1 9 2221 1985 6.58 14633 11289

30 4 .3 6 7 2356 2103 6 .98 13969 10996

31 4 . 5 6 9 2 460 2262 7 .29 132 60 10737

32 4 . 6 9 4 2524 2302 7 .48 13014 10618



TABLE - Al-2 (contd.)
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Serial 
no.

- A ‘ 2
h ( - f )

1/3
Ref _ fc Mean

Nusselt
Number
(Nu)

Condensatio
Number

<cv ) 
x 1 0 - 13

•̂ 4 \ Q  ̂/
p t  g hi Re. ^

f

(0) (13) (14) (15) (16) (17)

V
17 0.431 105 0.198 699 4.29

18 0.408 119 0.189 662 ' 3.57

19 0 .389 127 0.186 633 3.22

20 0.372 133 0.183 604 2.92

21 0.449 80 0.218 1039 5.39

22 0.43 3 35 0.213 1003 5.85

23 0.423 97 0.-204 .989 5.02

24 0.411 100 0.202 953 4.68

.25 0,501 73 0.223 1568 7.88

26 0.463 75 0,222 1452 7 „.09 .

27 0.428 76 0 .2 21 1342 6.45

28 0*421 78 0.219 1318 6.17

29 0 .497 72 0.223 1831 8.33

30 0 .474 77 0.218 1748 7.50

31 0 .450 SO 0.215 1660 6.81
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TABLE - A U 3

LIQUID  SYSTEM = WATER

1YPE OP CONDENSER = DIVERGING CONE SECTION 

VAPOUR TEMP (T ) = 100°C

Serial

No.
Coolant
Rate
L i t / h r .

Cone
Angle

(0 )

Average Coolant 
Temperature

Tnlpt niifl of Afp

Avg.

Wall
Temp.

Avg.

Conden­
sate

^ Tf = 
T -T 

v  w

(Kg/hr) deg. (Tp (To )

°C

(T ) 
w

°c

Temp.

°C

2

°C

(0) (1 ) (,-:) (3) (4) (5) (6 )

33 100 (98.807) 50.1 62.7 1 2 . 6 88 95 6 .0

34 200 (197 .614)
5°

50.0 ' 56.4 6.4 87 94 6 .5

35 300 (296.421) 50.2 54.6 • 4.4 86 93 7

36 400 (395.228) 50.2 53.4 3.2 84 92 8

37 100(98 .807) 49.8 64.2 14.4 91 95 4 .5

38 200 (197-614) 50.0 57.3 7.3 90 95 5.0

39 300(296.421)
1 0 °

50.0 55.3 5.3 88 94 6 . 0

40 400 (395-228) 50.5 54.6 4 .1 86 93.5 6 .5

41 100 (98.807) 50.0 6 6 . 1 16.1 93 97 3.5

42 200 (197.614) 50.0 58.2 8 . 2 92 96 4 .0

43 300 (296.421)
15°

50.0 56.4 6.4 90 95 5.0

44 400 (395.228) 50.5 55.3 4.8 89 95 5.5

45 100 (98.807) 49.5 70.3 20.8 93 97 3.5

46 200 (197.614) 50.0 61.0 11 .0 92 96 4 .0

47 300 (296.421)
19°

50.0 57.8 •7.8 90 96 5.0

48 400 (395-228) 50.2 56.3 6 . 1 89 9.5 5 .5
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TABLE - Al-3 (contd.)

Se ri a 1 

no.

Average

Conden­

sate
Rate

K g /h r

Heat - Heat - Heat 

Released Received Flux(c) 
by vapour by „,i 

Coolant X1°

K c a l /h r  Kcal/hr Kcal/hrm2

h.

Expt.
Kcal

E .

1Q Theo 
Kcal

hr.m2 . °C hr .m 2 .

(0 ) - (7) (8 ) (9) (10) (1 1 ) (1 2 )

33 2 . 3 8 1 1283 1245 8.63 14390 10608

34 2 . 4 1 9 1304 1265 8 .80 13500 10 398

35 2 .4 8 9 1341 1304 9.02 12892 10207

36 2 .559 1379 1344 9 .27 11600 98 72

37 2 .661 1434 1423 6 .87 15258 11381

38 2 . 7 1 6 1463 1442 7.00 14011 11085

39 2 . 9 6 4 1597 1571 7.65 12745 10591

40 3 . 0 0 6 1620 1620 7.76 11934 10381

41 3 . 0 0 6 1620 1591 5 .69 16263 12039

42 3 . 0 5 6 1647 1620 5 .79  . 14468 11644

43 3 . 5 9 7 1938 1897 6.81 13619 11012

' 44 3„ 607 1.944 1897 6 .83 123Q1 10753

45 3 . 8 3 3 2057 . 2055 6.09 17449 12012

46 4 . 0 5 9 2184 2173 6 .47 16187 11627

47 4 . 3 6 7 2 356 2312 6.98 13969 . 10996

48 4 . 5 1 0 2430 2410 7 .20 13099 10737
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Serial

No.

TABLE - Al-3 (contd.)

h (~
1 /3

n0 P_-' .. fc Mean

Nusselt
Number

(Nu)

Condensation

Number

(cv }

X1.0 13

n . v o

‘  f t  9
3 f

k
f f '  Ref ^

(0 ) (13) (14) (15) (16) (17)

33 0 . 4 8 8 95 0 .205 793 5 . 3 6

■34 0 . 4 5 8 ' 97 0 ,203 745 4 .95

35 0 .4 3 7 99 0 .201 711 4 .5 9

36 0 . 3 9 4 102 0.199 640 '4 .02

37 0 , 5 1 8 76 0.221 1198 7 .8 1

38 0 , 476 77 0 ,2 2 0 1100 7 .0 3

39 .0 .433 84 0 .214 1001 5 .8 6

40 C .4 0 5 86 0,213 937 5.  '±5

41 0 . 5 5 2 63 0.235 1729 1 0 .1 3

42 C .491■ 64 0 .234 1538 8 . 8 7

43 0 . 462 75 0.222 1448 7 . 0 9

44 0 . 4 2  0 75 0 .222 1316 6 .45

45 0 . 5 9 2 67 0 .228 2184 1 0 . 7

46 0 . 5 4 9 71 0 .224 2026 9 . 3 7

47 0 . 4 7 4 76 0.2.19 1749 7 .5 0
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LIQUID  SYSTEM = ETHYL ACETATE

TYPE 0 .F CONDENSER = DIVERGING CONE SECTION

TABLE — Al-4

........ .

VAPOUR TEMP (T ) = 7 7 .1  0 C

Serial

No.

Coolant

Rate

L i t / h r .
(Kg/nr)

Cone

Acrnel

(0 )

deg.

Average Coolant 

Temperature

Inlet Outlet ^ T

(Ti ) (T )
1 o

°c

Avg.

Wall
Temp.

(Tw)

°c

Avg.

Conden­

sate
Temp.

°C

A T r = 
i.

T -T
V  \1 

2

°C

(0 ) (1 ) (3) (3) (4) (5) (6 )

49 100 ( 9 9 .5 6 8 ) 30.0 34 .0 4.0 53 .5 68 11 .8

50 . 200 ( 1 9 9 . 1 3 6 )

5°
30 .0 32 .2 2.2 51 .0 68 1 3 .0 5

51 300 ( 2 9 8 . 7 0 ) 30 .5 32.0 1.5 49 .0 66 1 4 .0 5

52 400 ( 3 9 8 .2  7) 30 .0 31.2 1.2 47 .0 65 1 5 .0 5

53 100 ( 9 9 . 5 6 8 ) 30.0 .35 .3 5 .3 55. 5 70 10 .8

54 200 (199 .  136)
1 0 °

30 .5 33.3 2 .8 53 .5 68 1 1 .8

55 300 ( 2 9 8 . 7 0 ) 30.0 32.1 2 .1 50 .0 67 1 3 . 5 5

56 4 0 0 ( 3 9 8 . 2  7) 30.2 31.8 1 .6 49 .0 66 1 4 . 0 5

57 1 0 0 (3 9 . 5 6 S ) 30 . 2 35 .8 5.6 60 .0 72 8 .55

58 200 ( 1 9 9 . 1 3 6 )
15°

30,0 33.0 3.0 58 .0 70 9 .5 5

59 300 ( 2 9 8 . 7 0 ) 30.0 32.3 2.3 55 .5 69 10 .8

60 400 ( 3 9 8 . 2 7 ) 30.0 31 .8 1.8 53 .5 69 1 1 .8

61
100 ( 9 9 . 5 6 8 ) 29 .5 35 .7 6 .2 62 .0 73 7 .5 5

62 200 ( 1 9 9 . 1 3 6 ) 30.0 33 .3 3.3 60 .0 71 8 . 5 5

63 300 (2 .98.70)

19°
30.0 32 .3 2 .3 58 .0 70 9 . 5 5
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t a b l e - Al-4 (contd.)

Serial

No.

Average
Conden­

sate

Meat - 

Released 

by vapour

Heat -

Received
by

Heat
Flux(q)

-4
X10

Kcal/hr.m2

h. ,

IL X p t .

Kcal

h . ,

1 Theo • 
Kcal

Rate

K g /h r K c a l /h r
Coolant

Kcal/hr
h r .m ^ . ?C h r .m 2 . °C

(0 ) (7) (8 ) (9) (10) (1 1 ) (1 2 )

49 4 . 7 0 3 403 398 2.71 2 298 1992

50 5 . 1 2 0 439 438 2.95 2263 1942

51 5 . 2 6 0 451 448 3.03 2160 1907.

52 5 . 7 3 7 491 478 3.30 2195 1874

53 6 . 1 6 2 528 528 2.53 2340 2033

54' 6 . 5 5 7 561 557 2.69 2276 1988

55 7 . 3 5 4 630 627 3.02 2226 1921

56 7 .478 641 637 3.07 2187 1904

57 6 . 7 9 0 581 557 2 .04 2387 2141

58 7 . 3 9 0 634 597 2.23 2 325 2083

59 8 . 2 1 7 700 687 2 .45 2277 2020

60 8 . 7 5 0 750 716 2.63 2233 1976

61 7 . 6 0 6 651 617 1.93 2556 2205

62 8 . 1 1 0 696 657 2 .06 2.413 2138

63 8 . 6 4 0 742 687 2 . IS 2303 2079

64 9 . 5 0 0 836 796 2 .48 2295 2016
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TABLE - Al-4 (contd.)

Serial ■* 1 / 3  ( f Mean Condensation
No. h .  (—7-=---r) Re- R e = --- r~rr Musselt Number

1 f t y  K  f f Ref 1/3 Number (C )

fflu) X10

(0 ) (13) (14) (15) (16) (17)

49 0 . 3 1 2 ■ 195 0.161 499 1 .60

50 0 . 3 0 8 213 0.156 491 1 .4 5

51 0 . 2  94 218 0.155 469 1 .3 5

52 0 . 2  98 2 38 0.151 477 1 .2 6

53 0 . 3 1 8 182 0 .166 724 1 .92

54 0 . 3 0 9 194 0.162 704 1 .7 5

55 0 .302 218 0.156 689 1 .5 3

56 0 . 2 9 7 - . 221 0.155 677 1 .4 7

57 0 . 3 2 4 147' 0 .177 1000 2 .44

58 0 . 3 1 6 160 0.172 973 2 . 1 9

59 0 . 3 0 9 177 0 .166 954 1 . 9 4

60 0 . 304 189 0 .163 935 1 .7 7

61 0 . 3  48 164 0.171 1260 2 .9 2

62

63

0 . 3 2 8

0 . 3 1 3

175

187

0.167

0 .163

1190

1136

2 .58 

2 . 3 1



TABLE — A 1 .5

LIQU ID  SYSTEM = ETHYL ACETATE

TYPE OP CONDENSER = DIVERGING CONE SECTION

VAPOUR TEMP (T ) = 7 7 . 1 / C

1 7 9

Serial Coolant 
No. Rate ' 

L i t / h r

(Kg/hr)

Cone Average Coolant 

Angle Temperature

<0) Inlet outlet d l  =ate
(T- ) (t  ) U w) Temp.

1 o

Avg. Avg. A T
Wall Conden- f

T -T 
v w

0C CC °C °C

(oY (15 (2) O ) (4) (5) ".....1 ‘6l

65 100 ( 9 9 .2  2 5) 39 .5 43 .0  . 3.5 58 .0 71 9 .5 5

66 200 ( 1 9 3 . 4 5 )

5°

40 .0 41.8 1 .8 55 .5 71 10 .8

67 300 (291s i 0) 40 .0 41 .3 1 .3 53 .5 70 1 1 .8

68 4 0 0 ( 3 9 6 . 9 0 ) 40.2 41.2 1 .0 51 .0 69 1 3 .0 5

69 100 ( 9 9 .2 2 5 ) 41.0 a p: 9
‘ x  —✓ m <-• 4.2 61 .0 72 8 . 0 5

70 2 0 0 ( 1 9 8 . 4 5 )
1 0 °

40 .5 43.0 2 .5 58 .0 71 9 .5 5

71 300 (297 .  70) 40.5 41.8 1.8 55 .5 70 1 0 .8

72 400 ( 3 9 6 . 9 0 ) 40 .0 41 .5 1 .5 53 .5 69 1 1 . 8

73 100 (99.2 .25) 40 .5 A A 7 ‘± £ • * 4 .2 65 73 6 . 0 5

74 200 ( 1 9 8 . 4 5 ) 40 .5 43 .3 2 .8 62 72 7 .5 5

75 300 (297 .  70)

15°

j 40 .0 42 .2 2 .2 59 71 9 . 0 5

76 400 ( 3 9 6 . 9 0 ) ■ 40 .0 41 .7 1 .7 56 .5 70 1 0 .3

77 100 ( 9 9 . 2 2 5 ) 40 .0 45 .4 5 .4 66 74 5 .5 5

78 200 ( 1 9 8 . 4 5 ) 40 .5 43 .5 3 .0 64 73 6 .5 5

79 300 ( 2 9 7 . 7 0 )

19°
40 .0 42 .2 2 .2 62 72 7 .5 5

80 400 ( 3 9 6 .9 0 ) 40.0 4 1 .7 1 .7 60 70 8 . 5 5
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TABLE - Al-5 (contd.)

Serial Average Heat - -- 5— r-- ----

No. Conden- Released Received FlS (g ) ^
sote by vapour by a

Rate toolant

K g /h r

a  O'
Expt , 

Kcal
ld  Theo. 
Kcal

(0) (7) (8) (9) (10) (11) (12)

65 4 . 0 8 350 347 2.36 2 466 2.100

66 4 . 2 4 363 357 2 .44 2261 2036

67 4 . 5 9 393 . 387 . 2 .64 2241 1992

68 4 . 7 0 403 397 2.71 2078 1942

.69 5 . 3 6 7 460 416 2.20 2736 2188

70 6 . 0 5 1 518 496 2 .48 2597 2096

71 6 . 5 2 5 559 536 2.68 2527 2033

72 7 . 0 0 6 601 596 .2 .88 2 434 1989

73 5 . 6 7 0 486 416 1.71 2823 2335

74 6 . 8 8 0 590 556 2 .07 2746 2209

75 5 . 1 2 0 660 655 2 .34 2562 2111

76 8 . 3 2 0 744 674 2.51 2538 2044

77 6 . 5 7 0 563 536 1 .67 300 7 2 382

78 7 3  9 5 634 595 . 1 .88 2869 2285

79
8 . 2 1 7 70 4 655 2 .09 2 764 2205

80
8 . 5 3 0 731 675 2 .1 7 2534 2138
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TABLE - Al-5 (contd.)

(0)

65

66 

67

72

73

74

2 -^3 Mean Condensation

/ A E  ______ \ ' Re R e '_  --- Nusselt Number

H  p  2 -|,3 f f 2/3 Number (C )

'  t 9 f Kef (Hu) . 1 3
X10

(13) (14)

.. C .3 3 5  169

0 . 3 0 7  176

0 . 3 0 5  190

68 0 . 2 8 3  I 95

69

70

71 0 . 3 4 4

0 . 3 7 2  159

0 . 3 5 3  I 79

193

0 . 3 3 1  207

0 .138  H 83

0 .176

0 .194 1073

(15) (16) (17)

0.169 536 1 .9 8

0 .167 491 1 .7 5

0 .162 

0.161

487 

. 452

1 .6 1

1 .4 5

0.172 847 2 .5 7

0 .166 804 2 . 1 7

0.161 782 1 .9 2

0.158 753 1 . 7 6

3 .4 5

1150  2 . 7 7

2

75 0 . 3 4 8  ^
0 .165  1063 2 . 0 3

76

77

78

79

80
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TABLE - Al-6

L IQ U ID  SYSTEM = ETHYL ACETATE

TYPE OF CONDENSER = DIVERGING CONE SECTION

VAPOUR TEMP (T ) = 77 .1 °C

^T^T~ C ^Tan± ~ ' Cone Average Coolant Avg. Avg. A t  _

se»„ S ? e  Angle Temperature Wall Conden- r .
No. c Temp, sate J-,"1,,.

L i t / n r  in let  Outlet A T  ) Temp. -- -—

(Kg/hr)  deg.

~~(Q) C l T

81 100 ( 9 8 . 8 0 7 )

82 200 ( 1 9 7 . 6 1 4 )

83 300 ( 2 9 6 . 4 2 1 )

84 4 0 0 ( 3 9 5 . 2 2 8 )

85 1 0 0 ( 9 8 . 8 0 7 )

86 2 0 0 ( 1 9 7 . 6 1 4 )

87 3 0 0 ( 2 9 5 . 4 2 1 )

88 400 ( 3 9 5 . 2 2 8 )

89 1 0 0 ( 9 8 . 8 0 7 )

90 200 ( 1 9 7 . 6 1 4 )

91 300 ( 2 9 6 . 4 2 1 )

92 400 ( 3 9 5 . 2  28)

93 100 ( 9 8 . 8 0 7 )

94 200 ( 1 9 7 . 6 1 4 )

95 3 0 0 ( 2 9 6 . 4 2 1 )

96 400 ( 3 9 5 . 2  28)

50 .5 53 .6 3.1 66 7 3 5 . 5 5

50 .0 51 .7 1 .7 * 65 73 6 . 0 5

10 c
5 0 . 0 51»3 1 .3 63 72 7 . 0 5

50 .0 51 .0 1 .0 62 70 7.5-5

50.2 5 4.2 4 .0 68 74 4 . 5 5

50 .0 5 2 .4 2 .4 66 73 5 . 5 5

15°
50 .0 51 .8 1 .8 64 72 6 . 5 5

50 .0 51 .4 1 .4 63 71 7 . 0 5

1 o °

50 .0 54 .5 4 .5 70 74 3 .5 5

50.2 52 .7 2 . 5 68 74 4 . 5 5

50 .0 52 .0 2 .0 66 73 5 . 5 5

65 72 6 . 0 5

50 .0 51 .6 1 .6
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TABLE - Al-6 (contci,)

Serial 

No •

Average
Conden­

sate

Rate

K g /h r

Heat - Heat - 

Released Received 
by  vapour by

Coolant

K c a l / h r  Kcal/hr

Heat - 

Flux (q)

X I 0“ 4  

Kcal/hr.m2

h, ,

Expt.
Kcal

h . ,

Theo
Kcal

hr.m2 . °C
h r .m 2 °C

(0 ) (7) (8 ) (9) (10 ) (11 ) (1 2 )

81 2 . 5 6 9 220 198 1.43 2667 2405

82 2 . 6 9 0 231 217 1 .55 2569 2354

83 2 . 9 0 6 249 237 1 .67 2.376 2265

84 3 .0 0 0 257 237 1.73 2290 2227

85 3 . 7 4 0 320 307 1 .53 27 61 2 401

86 3 .9 S 2 340 336 1*63 2 690 2350

87 4 . 4 9 7 335 385 1 .84 2721 2262

,38 4 . 7 2  0 405 395 1 .94 2568 2223

89 5 . 2 5 4 450 395 1.58 3475 2507  ,

90 6 . 125 525 474 1 .84 33.2 4 ' 2385

91 6 , 7 9 0 582 533 2 .05 3122 2289

92 6 . 9 3 0 598 554 2 .10 2980 22 47

93 5 . 2 4 1 449 'i I ̂ 1 .33 3750 2663

94 6 . 3 4 0 54 3 494 1.61 3538 2503

95 7 .00  6 600 593 1 .73 3205 2 382

95 7 . 3 9 5 634 632 1 .88 3107 2331



184

TAbLE - Al-6 (contd.)

Serial _  /<■£ 1 /3  t c Mean Condensation

No. ( 2 "3 ) Rê r Ref = — Nussel t  Number
P _ a k _ d,-, ±t' J •
/  f  ^ K f ^ef "L/ Number (Cv )

(Nu)
X10" 13

(0)' (13) (14) (15) (16) (17)

81 0 .362  107 0 .195 579 3.41

8 2 /  0 . 3 4 9  112 0 .194  558 3 .13

83 0 .3 2 3  121 0 .139  516 2 .6 9

84 0 . 3 1 1  125 0 .187  497 2 .51

85 0 . 3 7 5  ' 111 0 .195 854 3 . 7 4

86 0 . 3 6 6  118 0.191 o32 3 .12

87 0 . 3  70 13 3 0 .184  842 2 . 9 4

88 0 . 3 4 9  140 0.181 ■ 794 2 . 7 4

89 0 . 4 7 2  113 0 .193  1455 4 . 5 9

90 0 . 4 5 2  132 0 .184  1392 3 .7 7

91 ’ c . 424 147 0 .177  1308 3 .1 9

92 0 . 4 0 5  151 ° * 176 1248 2 , 9 7

93 0 . 5 0 9  95 0 .203  1850 0 .2 2

94 0 . 4 8 1  115 0.190 1725 4 .8 5

or ,-o 0 18 '  1501 3 . 9 8
95 0 . 4 3 6  l ^8 L , i



1S5

TABLE - Al-7

LIQU ID  SYSTEM = ETHYL ALCOHOL

TYPE OF CONDENSER = DIVERGING CONE SECTION

VAPOUR TEMP (T ) = 78 .3 °  C

Serial Coolant Cone Average Coolant Avg. Avg. _
No. Rate Angle Temperature VJall Conden- f_

1 -T
1 7  L " " lT}let Outlet A T  (T J ^ em?# v w

(Kg/hr)  deg.  vTl ) (To }

°c °C ' 3C °c

101 100 ( 9 9 . 5 6 8 ) 30.0 35*4

102 200 ( 1 9 9 . 1 3 6 ) 29 .8 32 .8

103 300 ( 2 9 8 . 7 0 )
10 30 .0 32 .1

104 400 ( 3 9 8 .2 7 ) 30.0  . 31 .7

105 100 (99 c 568) 31.0

C
OCO

106 200 (199 .136 ) 30.0 33 .8

107 300 (2 9 8 . 7 0 )
15° 30.0 O

J C
O

* C
O

108 400  (398 .27 )

109 100 ( 9 9 . 5 6 8 )

110 200 (199 .1 36 )
19°

H i  300 ( 2 9 8 . 7 0 )  3 0 *°

112 400 ( 3 9 8 . 2 7 )  30,2

Co) ...  (1 ) (2 ) O T (4) (5) — T6T

' 97 100 (99 . 568) 29 .8 34 .1 4.3 5 3 .5 69 1 2 .4

98 200 (199 .136 ) 30.0 32.4 2 .4 5 1 .0 68 1 3 .6 5

99 300 (298 .70)

5°
30 .0 31 .6 1 .6 49 .0 66 14 .6 5  .

100 400 (398 .27 ) 30.2 31.4 1 .2 4 7 .5 65 1 5 .4 0

5 .4  5 5 .5  69 1 1 .4

3 .0  5 3 .5  68 1 2 .4

2 .1  5 1 .0  68 1 3 . 6 5  

1 . 7  4 9 .5  66 1 4 . 4
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TABLE - Al-7 (contd.

Serial 

No.

Average
Conden­

sate

Rate

k g /h r

Heat - Heat - 

Released Received 
by vapour by

Coolant

K c a l /h r  Kcal/hr

Heat - 
Flux (q) 

-4
X10

Kcal/hr.

h. ,
Expt.

Kcal

h . ,
id

Theo
Kcal

2 hr.m2 . °C

m
hr .m 2 . °C

(o) (7) (8 ) (9) do") (12]

97 2 . 0 5 7 432 428 2 .91 2344 1725

98 2 . 1 8 1 458 458 3.08 2257 1685

99 2 . 2 7 8 478 477 3.22 2195 1655

100 2 .2 78 478 477 3.21 2089 1635

101 2 .5 8 1 563 538 2 .69 2365 1759

102 2 . 8 8 4 605 597 2 .89 2340 172.3

103 3 .0 0  7 631 627 3.02 2213 1682

104 ■ 3 .2 4 4 681 677 3.26 2264 1660

105 3 . 4 6 9 680 677 2 .39 2762 1873

106 4 . 0 0 6 758 756 2 o 66 2624 1800

107 4 . 2 8 1 838 8 36 2 .94 258 3 1748

108 4 . 5 9 6 881 876 3 .09 2496 1711

109 3 . 4 6 9 728 726 2 .16 2821 1928

110 4 .006 841 836. 2 .49 2724 1844

111 4 . 2 8 0 8 98 896 2 .66 262 2 1797

112 4 . 5 9 5 9 65 955 2 .86 2509 1745



187

TABLE - Al-7 (contd.)

Serial

No.
r  , / * f  1 / 3

i  p 2 , 3 *  

f  £ g k f

Re,;
f

Re * = - 
f n 1/3

f

Mean
Nusselt

Number

(Nu).

Condensation 

Number 

(C )
Y 13

X10

(0 ) (13) (14) (15) (16) (17)

97 0 . 6 0 9 49 0.255 591. 1 .6 4

98 0 . 5 8 7 52 0.250 569 1 .49

99 0 . 5 7 0 55 0.246 554 1 .3 9

100 0 . 5 4 3 55 0.246 527 1 .32

101 0 . 6 1 5 46 0.262 849 1 .95

102 0 . 6 0 8 49 0 .239 840 1*79

103 0 . 5 7 5 51 0.252 795 1 .6 3

104 0 . 588 55 0.247 813 1 .5 4

105 0 . 7 1 8 43 0 .267 1343 2 .60

106 0 . 6 8 2 50 0 .254 1373 2 .21

107 0 . 6 7 1 53 0 .249 ' 1256 1 . 9 7

108 0 . 6 4 9 .57 . 0.243 .1213 1 .81

109 0 . 7 3 3 37
0.2  78 1614 3 .0 9

110 0 . 7 0 8 42 0 .267 1559 2 .5 9

111

112,

0 . 6 8 1

0 . 6 5 2

45

48

0.261

0.255

1501

1436

2 .3 3

2 . 0 8
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TABLE - A1-8

LIQ U ID  SYSTEM = ETHYL ALCOHOL

TYPE OF CONDENSER = DIVERGING COME SECTION

VAPOUR TEMP (T ) = 7 8 .3 °C

Serial Coolant 

No. Rate
L i t / h r

(Kg/hr)

Cone Average Coolant 
Angle Temperature 

(0)

Avg. Avg. 
Wall Conden-

AT
f =

Inlet  Outlet AT TemP '  ^  

deg. (T j ) .  <To )

°C °C °C °C 
-------

" W (2T (3) (45 (5; (6 )

113 100 ( 9 9 . 2 2 5 ) 40.0 43.8 3 .8 5 8 .0 71 1 0 . 1 5

114 200 ( 1 9 8 .4 5 ) 40.5 42 .6 2.1 5 5 . 5 70 1 1 .4 0

115 300 (297-70)
5°

40 .0 41.5 1 .5 5 1 .0 68 13 .6 5

115 400 ( 3 9 6 . 9 0 ) 40.0 41.2 1 .2 4 9 .0 66 . 14 .-65

117 100 ( 9 9 .2 2 5 ) 39 .5 44 .3 4 .8 6 0 .0 72 9 . 1 5

118 200 ( 1 9 8 .4 5 ) 40 .0 42 ,6 2 .6 58 .0 70 1 0 . 1 5

119 300 ( 2 9 7 . 7 0 )
1 0 °

40.0 41.8 1 .8 55 .5 70 1 1 .4 0

120 400 ( 3 9 6 .9 0 ) 40 .0 41 .4 1 .4 53 .5 69 1 2 . 4 0

121 100 ( 9 9 .2 2 5 ) 40 .0 46 .0 6 .0 6 4 .0 73 7 . 1 5

122 200 (198 . 45)
40.0 43.2 3 .2 62 .0 72 8 . 1 5

15° ' 42 .5 2 .3 60 .0 71 9 . 1 5

12 3 3 0 0 ( 2 9 7 . 7 0 ) 4 u • l -

124 4 0 0 ( 3 9 6 . 9 0 )
.40.2 42 .0 1 .8 58 .0 70 1 0 . 1 5

125 100 ( 9 9 .2 2 5 )
40.2 46 .6 6 .4 6 6 .0 74 6 . 1 5

126 200 ( 1 9 8 .4 5 )
40 .0 43 .6 3 .6 6 4 .0 73 7 . 1 b

127 300 (297 .70 )

19°
40.0 42 .6 2 .6 6 2 .0 72 8 . 1 5

128 400 ( 3 9 6 . 9 0 )
40.0 42 .0 2 .0 6 0 .0 72 9 . 1 5
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TABLE - Al-8 (contd .)

Se r ia l  Average Heat- Heat - Heat ^ ^

No. Conden- Released Received Flux (qj id  Theo

sate by vapour by y1f)-4 " Kr a V  * K c a l '
Kate Coolant ---~ --- ----- 2

a - i a , ^  t a , i a , 2 h r . n 4 . °C hr.m . JC
k g /h r  K c a l /h r  Kcal/hr Kcal/hr. m

(0 (7) (8 ) (9) (10) (1 1 ) ( 12 )

113, 1 . 7 9 9 378 377 2.54 2506 1814

114 1 .9 8 1 416 416 2.80 2 456 1762

115 2 .140 450 447 3.03 2218 1685

116 2 . 2 8 8 480 476 3.23 2205 1655

117 2.  328 488 476 2 .34 2559 1859

118 2 .480 521 516 2 .49 2458 1811

119 2 . 6 2 8 552 536 2.64 2318 1759

120 2 .765 581 555 2.73 2 244 1723

121 3 . 0 5 0 596 595 2.09 2928 1964

122 3 . 4 3 3 641 635 2.25 2763 1901

123 3 .738 688 684 2.42 2642 1846

124 3 . 8 1 9 723 714 2 .54 2502 1800

125

126

3 . 0 5 0

3 .4 3 3

6 41 

721

635

714

1.90

2 .14

3090

2989

2036

1961
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TABLE - Al-8 (contd.)

— -- 2 ---------------
Serial - A  f  I / 3 , fc Mean Condensation

No. h .  (— o----q) Re^ Re« =--- T~rr~ Nusselt Number
1 p% g k3 f f Re,  1/3  Number (C )

} f  1 f  '(Su) V , ,
xio“ XJ

(0 ) (13) (14) (15) (16) (17)

113 0 . 6 5 1 43 0.267 632 2 .0 0

114 0 . 6 3 8 48 0.257 619 1 .7 8

115 0 . 5 7 6 51 0.252 559 1 .4 9

116 0 . 5 7 3 55 0 .246 556 1 .3 9

117 0 . 6 6 5 40 0.274 919 2 .4 3

118 0 . 6 3 9 42 0.270 882 2 . 1 9

119 0 . 6 0 2 45 0.264 833 1 .9 5

120 0 . 5 8 3 47 0.260 806 1 .8 0

121 0 . 7 6 1 38 0.278 142 3 3 .13

122 0 . 7 1 8 43 0 .267 1343 2 . 7 5

123 0 . 6 8 7 47 0 .259 1285 2 .4 5

124 0 . 6 5 0 48 0 .257 1216 2 .2 1

125 0 . 8 0 3 32
0.292 1768 3 .8 5

126

127

0 . 7 7 7

0 . 7 4 2

36

40

0.281

0.271

1711

1635

3 .31

2 . 9 0



LIQUID  SYSTEM = ETHYL ALCOHOL

TYPE OF CONDENSER = DIVERGING CONE SECTION

TABLE - Al-9

VAPOUR TEMP
< V  = 78 .3 °  C

al

No.

Coolant. 

Rate 

L i t / h r .

Cone

Angle

(0 )

Average Coolant 

Temperature

Inlet Outlet £T

Avg. Avg, 
Wall Conden- 
Temp. sate 

Temp. 

(Tc )

°C CC

A T f =

T -T 
V w

(kg/hr) deg. (T-) (T ) 
o 

° c

2

°C

(o~l T l T (27“ (3) (4) (5) (6 )

129 100 ( 9 8 . 8 0 7 ) 50.0 53.0 3.0 62 .0 72 8 . 1 5

130 . 200 ( 1 9 7 . 6 1 4 )
5°

50.5 52 .2 1 .7 60 .0 71 9 . 1 5

131 300 ( 2 9 6 . 4 2 1 ) 50.2 5 1 .4 1.2 58 .0 70 1 0 .1 5

132 400 ( 3 9 5 . 2 2 8 ) 50.0 50 .9 0 .9 55 .5 69 1 1 .4 0

13 3 100 ( 9 8 . 8 0 7 ) 50.0 53 .8 3.8 64 .0 73 7 .1 5

134 200 ( 1 9 7 . 6 1 4 )
1 0 °

50.2 52.2 2 .0 62 .0 73 8 . 1 5

135 300 (296. '42 l) 50 .0 51 .4 1.4 60 .0 72 9 . 1 5

136 400 ( 3 9 5 . 2 2 8 ) 50.0 51.2 1.2 58 .0 70 1 0 . 1 5

137 100 ( 9 8 . 8 0 7 ) 49.8 54 .3 4.5 68 .0 75 5 . 1 5

138 200 ( 1 9 7 . 6 1 4 ) 50.0 52 .5 2 .5 6 6 .0 74 6 .1 5

139 300 ( 2 9 6 . 4 2 1 )

15°
50.0 51.8 1 .8 6 4 .0 74 7 .1 5

140 400 ( 3 9 5 . 2 2 8 ) 50.0 51 .5 1.5 62 .0 72 8 . 1 5

141 100 ( 9 8 . 8 0 7 ) 50.5 55 .0 4 .5 70 .0 76 4 . 1 5

142 200 ( 1 9 7 . 6 1 4 ) 50.2 52 .9 2 .7 68 .0 75 5 . 1 5

143 300 (2 96.4-21)

19°
50.0 52 .0 2 .0 66 .0 74 6 . 1 5

144 400 ( 3 9 5 . 2  28) 50.0 51 .6 1 .6 64 .0 72 7 . 1 5
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TABLE - Al-9 (contd.)

Serial 

No.

Average

Conden­
sate

Rate

Heat - Heat - 

Released Receaved 
by Vapour by

Coolant

Heat -

Flux (q)
' -4 

X10 '

h.

Expt.

Kcal

h. ,
Theo« 

Kcal

k g / h r K c a l /h r Kcal/hr Kcal/hr.m2 hr.m2 . °C hr .m 2 . °C

(°) (7) (8 ) (9) (10) (11 ) (12 )

129 1 . 4 7 4 310 296 2 .08 2559 1916

130 1 .6 2 3 341 336 2 .29 2508 1862

131 1 .7 0 1 357 356 2 .40 2367 1814

132 1 .8 1 1 381 356 2 .56 2249 1762

133 1.84-9 388 375 1.06 2598 1977

134 2 . 0 4 9 430 395 2.06 2526 1913

135 2 . 1 4 9 451 414 2 .16 2360 1859

136 2 . 2 8 8 481 474 2 .30 2269 1811

137 2 . 1 7 1 456 . 444 1.60 3111 2132

138 2 . 5 4 6 499 494 1.75 2850 2039

139 2 . 8 4 6 543 533 1.91 2668 1964

140 3 . 0 5 0 601 595 2.11 2591 1901

--- ----- '

141

142

143

144

2 . 1 7 1

2 . 5 4 5

2 . 8 4 6

3 . 0 5 0

456 

5 35 

597 

641

444

533

592

632

1 .39

1 .59

1 .77

1 .90

3257

3C79

2877

2657

2 247 

2129 

2036 

1961
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TABLE - Al-9 (contd.)

Serial

No.

2 1 /3

H A  ....._)
Ref

1 fc
Mean
Nusselt

Number
(Nu)

Condensation

Number

(Cv }

xio" 13

^ i  2 , 3 ; 

f t  g k f
RGf ~ Ref V 3

(0 ) (13) (14) (15) (16) (17)

129 0 . 6 6 5 35 0.285 645 2 .5 0

130 0 . 6 5 2 39 0 .275 632 2 .2 0

131 0 . 6 1 5 41 0.271 597 2 .0 0

132 . 0 . 5 8 4 43 0 .267  ' 567 1*78

133 0 . 6 7 5 32 0.295 933 3 .1 1

134 0 . 6 5 6 35 0.287 907 2 T 73

135 0 .6 1 3 37 0.282 848 2 .4 3

136 0 . 5 8 9 39 0.277 815 2 .1 9

137 0 . 8 0 8 27 0.312 1512 4.-35

138 0 . 7 4 1 32 0 .295 1385 3 .6 5

139 0 . 6 9 3 36 0 .284 1297 3 .1 4

140 0 . 6 7 3 33 0 .273 1260 2 . 7 5

141 0 . 8 4 6 23
0 .326 1865 5 .7 1

142 0 . 8 0 0 27
0 .309 1762 4 .6 0

143 0 . 7 4 8 30
0 .298 1647 3 . 8 5
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TABLE - Al-10

LIQ U ID  SYSTEM = CARBON-TETRA-CHLORIDE

TYPE OF CONDENSER = DIVERGING CONE SECTION

VAPOUR TEMP (T ) = 76 .75°C

Serial Coclant  

Rate ' 

L i t / h r .

(kg/hr)

Cone

Angle
(e)

deg.

Average Coolant 
Temperature

Inlet  Outlet A T  
(T|) (T )

°C

Avg. Avg.
Wall Conden-

Temp.sate
(T )Temp. 

w

°C °C

^ T f =
T -T 

v w
2

°C

^ToT (l) (2 ) (3) (4) (5) (6l

145 100 ( 9 9 . 5 6 8 ) 29 .5 33.1 3.6 51 .0 67 1 2 .8 7 5

146 200 ( 1 9 9 . 1 3 6 ) 30 .0 31.8 1 .8 49 .0 66 1 3 .8 7 5

147 300 ( 2 9 8 . 7 0 )

o
30.0 31.3 1.3 47 ,0 64 1 4 .8 7 5

148 400 ( 3 9 8 . 2 7 ) 30.2 31.2 1.0 45 .0 63 1 5 .8 75

14-9 100 ( 9 9 . 5 6 8 ) 30 .0 34.3 4.3 54.5 68 11.-125

150 200 ( 1 9 9 . 1 3 6 ) 30.2 32 .4 2.2 51 .0 67 1 2 .8 7 5

151 300 (2 9 8 . 7 0 )

1 0 °
29 .8 31.3 1.5 49 .0 65 1 3 .8 7 5

152 400 ( 3 9 8 . 2  7) 30 .0 31 .4 1 .4 47 .0 65 1 4 . 8 7 5

153 100 ( 9 9 . 5 6 8 ) 29 .5 34 .6 5.1 59 .0 70 8 . 8 7 5

154 200 ( 1 9 9 . 1 3 6 ) 30 .0 33 .0 3 .0 55 .5 68 10 .6 2  5

155 300 ( 2 9 8 . 7 0 )

15°
30 .0 32.3 2 .3 51 .0 66 1 2 .8 7 5

156 400 ( 3 9 8 . 2 7 ) 30.2 32.0 1 .8 49 .0 66 1 3 . 8 7 5

157 100 ( 9 9 . 5 6 8 ) 29 .5 35 .5 6 .0 60 .0 70 8 . 3 7 5

158 200 ( 1 9 9 . 1 3 6 ) 30.0 33.2 3.2 58 .0 70 9 . 3 7 5

159 300 ( 2 9 8 . 7 0 )

19°
30.0 32 .5 2 .5 53 .5 68 1 1 .6 2 5

160 400 ( 3 9 8 . 2 7 )
30 .0  . 32.0 2 .0 51 .0 67 1 2 . 8 7 5
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TABLE - Al-10 (contd.)

Serial Average 
No. Conden­

sate 
Rate 

k g /h r

(0) (7)

145

146

147

148

7 . 6 1 0

7 . 9 8 0

8 . 3 6 0

8 .720 .

Heat - Heat - Heat - 

Released Received Flux (q) 

by vapour by
Coolant X10“ '"

h . , 
id

Expt. 

Kcal

h id
Theo.

Kcal

K<ral/hr Kcal/hr Kcal/hr.m m2^ oc hr.m . °c

(8 )

360

377

395

412

(9) (1 0)

358

358

388

398

2.42 

2 .54  

2 .66 

2 .7 7

(11)

1881

1828

1786

1746

(1 2 )

1741

1709

1680

1653

14S 9 . 4 6 0 446

00CN3 2.14 1919 1803

•509
1893 1738

150 10 .800 43o
1706

151 1 1 . 3 4 0 535 477 2.56 1846

152 1 1 . 8 7 0 560 558 2 .68 1802 1676

153 1 1 . 5 1 0 544 508 1.91 2153 1895

154 1 2 . 7 4 0 601 597 2 . 1 1
1987 1812

155 1 5 .1 2 0 713 687 2.51 1945 1727

156 1 6 .2 0 0 766 718 2 .69 1939 1695

157 1 3 . 3 4 0 630
597 1 .87 2230 1920

158 1 4 . 1 7 5 669
637 1 .98 2115 1867

793
747 2 .35 2022 1769

159 1 6 . 8 0 0
172 5

160 1 8 . 0 0 0 850
797 2 .52 1957
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TABLE - Al-10 (contd.)

157 0.3-55 139

153 0 . 3 4 6  147

159 0 . 3 3 1  175

. ' 107 0 .162
160 ' 0 . 3 2 0  187

Serial

No.

2

r f
i  B 2f  g 

' f

1 /3

v 3 ) Ref 

f

t
Ref fc

.1/3
Ref

Moan
Nusselt
Number

(Nu)

Condensation

Number

X10~13

(0 ) (13) (14) (15) (16) (17)

145 0 . 308 152 0.175 439 1 .2 5

146 0 . 2 9 9 160 0.172 427 1 . 1 6

147 0 . 2 9 2 167 0.169 417 1 .0 3

148 0 . 2 8 6 174 0.167 408 1 .0 1

149 0 . 3 1 4 134 0.183 638 1 .5 8

150 0 , 3 1 0 154 0.175 630 1 . 3 7

151 0 . 3 0 2 161 0.173 614 1 .2 7

152 0«, 295 169 0.170 599 1 .1 3

. -1 i ■'**

120

132

0 .189 969 2 .0 0
153

154

0 . 3 5 3

0 . 3 2 6
0.184 394 1 . 6 7

155 0 . 3 1 8 157 0.173 875 1 . 3 8

156 0 . 3 1 3 160 0.169 873 1 .2 8

0.179 1182 2 . 2 4

0 .176  1121 2 «00

0 .166  1072 1 . 6 2

1037 I *46
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LIQUID  SYSTEM = CARBON-TETRA-CHLORIDE 

TYPE OF CONDENSER = DIVERGING CONE SECTION .

. TABLE - A l- H

VAPOUR TEMP <TV > = 7 6 . 75°C

Serial 

No.

Coolant

Rate
l i t / h r .

(Kg/hr)

: Cone 

Angle 

(0 )

deg.

Average Coolant 

Temperature

Inlet Outlet A.T
(Ti ) (T )

.1 o

°C

Avg.

Wall
Temp.

(Tw>

°C

Avg. 
Conden­

sate 
Temp.

°C

A T f =

T -T
V V

2

(0 ) (1 ) (2 ) (3) (57 (65

161 ICO ( 9 9 . 2 2 5 ) 40 ,0 42 .8 2 08 58 .0 69 9 .3 7 5

162 200 ( 1 9 8 . 4 5 ) 40.2 41 .7 1.5 55 .5 69 1 0 .6 25

5°

163 300 (297 .  70) 39.8 40 .8 1.0 53 .5 68 11 .625

164 400 ( 3 9 6 . 9 0 )  ' 40 .0 40 .8 0.8 51 o 0 66 12 j875

165 100 ( 9 9 . 2 2 5 ) 41.0 44 .7 3.7 60 ,0 70 0 . 3 7 5

166 200 (198 -45) 40.0 42 .0 2 ,0 55 .5 69 1 0 .6 2 5

167 300 ( 2 9 7 . 7 0 )

1 0 "
40 .0 41 .5 1 .5 54 .5 69 1 1 .1 2 5

168 400 ( 3 9 6 . 9 0 ) 40 .0 41 * 1 1«1 53 .5 68 1 1 .6 2 5

A S 6 . 0 72 6 . 0 7 5
169 100 ( 9 9 . 2 2 5 ) 40 .0 44 , ̂

2 6 60 .0 70 8 . 3 7 5
170 200 ( 1 9 0 . 4 5 ) 40.0

15° 9 1 55 .5 69 1 0 .6 2  5
171 300 (297 ,  70) 40.2 42 »3 o X

172 400 ( 3 9 6 . 9 0 ) 40 .0 41 .6 1 .6 53 .5 67 1 1 .6 25

173 100 (99„2  25) 40.0 45 .0 5.0 64 o 0 73 6 .3 7 5

A Q O 2 .8 61 .0 71 7 . 8 7 5

174 2 0 0 ( 1 9 8 . 4 5 )
/< n
•s'-J «

19°
A n  C 2 .3 58 .0 70 9 . 3 7 5

175 300 ( 2 9 7 .7 0 ) 4 0 . 2 * x  £•> •

a n 41 - 8 1 .0 56 .5 68 1 0 .1 2 5

•-■00 ( 3 9 6 . 9 0 )
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TABLE - Al-11

S e r i a l  Average Heat - Heat - Heat - “ 

No. Conden- Released Received Flux (q) id 
by vapour by

Coolant

sate

Rate

h.
Exut.  1 Theo,

X10‘
Kcal Kcal

k g /h r  K c a l /h r  Kcal/hr Kcal/hr.m2 hr.m . °C hr.m . °C

(0 ) (7) (8 ) (9) (10 ) (1 1 ) (12 )

161 6 . 1 3 289 278 1.95 2074 1805

162 6 . 4 9 307 298 2.06 1944 182 7

163_ 6 . 6 2 313 298 2.10 1811 1706

164 7 . 1 5 338 317 2.27 1766 1741

165 7 .9 8 377 367 1.80 2155 1935

166 9 .1 1 430 397 2.06 1937 1824

167 9 . 5 3 450 447 2 .15 19 36 1803

168 9 . 5 3 450 437 2.15 1053 1703

169 9 . 5 2 450 . 436 ' 1 .58

170 1 1 . 0 1 520 516 1.83

171 1 3 . 7 9 652 625 2 .29

172 . 1 3 . 9 8 661 635 2.32

173 1 0 . 5 4 498 496 1 .47

174 1 2 . 6 7 598 556 1 .77

175 1 5 . 0 1 70 9 685 2.10

176 1 5 .3 2 72 4 714 2.15

2 299 

2186 

2156 

1998

2316

2251

2242

2120

2020

1923

1812

1772

20 56 

1950 

1867 

1832
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TABLE - Al-11 (contd.)

2
Cerial _  / i f  1 /3  j f Mean Condensation

No. (-—~2 o) Nuss:elt Number

f e  9  k f  R e .  “ t r  <Cv>
r (Nu) xl0-13

(0 ) (13) (14) (15) (16) (17)

161 0 . 3  39 123 0 .188 484 1 .72

162 0 . 3 1 8 130 0 .184 454 1 .5 1

163 0 . 2 9 7 133 0 .183 42 3 1 .3 8

164 0 . 2 8 9 143 0 .179 412 1 .2 5

165 0 . 3 5 3 114 0 .194  ' 717 2 .1 0

166 0 . 3 1 7 130 0.185 644 1 .6 6

167 0 . 3 1 7 136 0.183 644 1 .5 8

168 0 . 3 0 4 136 0 .133 616 1 .52

169 0 . 3 7 6 99 0.202 10 35 2 .5 8

170 0 . 3 5 8  • 114 0.193- 984 2 .1 2

171 0 . 3 5 3 143 0 .179 970 1 .6 7

172 0 . 3 2 7 145 0.178 ' 899 1 .5 3

173 0 . 3 7 9 110 0 .195 1228 2 .9 0

174 0 . 3 6 9 132
0 .184 1193 2 .4 0

175 0 . 3  67 156
0 .174 1188 2 .0 0



2 0 0

LIQUID  SYSTEM = CARBON - TETRA- CHLORIDE 

TYPE OF CONDENSER = DIVERGING CONE SECTION

TABLE - Al-12

W iPOUR TEMP
< y  =: 76 .75° C

Serial 

No.

Coolant

Rate
L i t / h r .

■(Kg/hr)

Cone

/Angle
(0)

deg.

Average Coolant Avg. Avg. 

Temperature Wall Conden-

inlet Outlet AT  ? ate
(T,> (T ) < V  TemP-

1 O

°C °C °C

A T f =

T -T 
v w

2

■•c

T o ) “7 T T " W ) ^ 3 ) (4) (5 r (6)

177 100 ( 9 8 .0 07) 49.0 51.5 2.0 64.0 72 6 .3 7 5

170 2 0 0 ( 1 9 7 . 614)
5°

50.0 51.1 1.1 62 .0 72 , 7 .550

179 " 300 (296 . 421 ) 50.0 50.0 P-■J • < J 61.0 70 7 .0 7 5

180 400 (39 5 . 220) 50 .2 50.8 0 .6 60 .0 70 0 .  375

181 100 ( 9 0 .0 07) 50.2 52 .6 2.4 65 .0 72 5 .0 7 5

102 2 0 0 ( 1 9 7 . 614)
10°

50 .0 51 .5 1.5 63 .0 71 6 .0 7 5

183 300 (2S6 . 421) 50.0 51.0 1.0 62 .0 71 7 . 5 5 0

184 400 (395 . 2 20) 50.2 51.1 0 .9 60 .0 70 0 . 3 7 5

185 100 ( 9 0 .0 07) 49.0 53.6- 3.0 65.0 74 5 .0 7 5

186 200 (197 . 61 i) 50 .0 52.2 2.2 63 .0 73 6 . 0 7 5

107 300 (296 . 421)

15°
50.0 51.5 1.5 62 .0 71 7 .5 5 0

180 400 (395 . 220) 50.0 51.3 1 .3 60 .0 71 0 . 3 7 5

189 100 ( 9 8 .0 0 7) 49 .0 53 .6 3.0 60 .0 7 4 4 . 3 7 5

190 200 (197 . 614) 50.0 52.2 2.2 65 .0 73 5 . 0 7 5

191 . 300 (296 . 421)

190

50.0 51 .7 1 .7 64 .0 72 6 . 3 7 5

192 400 ( 3 9 5 . 2 2 0 ) 50.2 51 .5 1.3 63 .0 72 6 . 0 7 5

I I  ^
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TABLE - Al-12

Serial 

No.

Average
Conden­

sate

Rate

k g /h r

Heat - Heat - 

Released Received 
by vapour by

Coolant

K c a l /h r  Kcal/hr

Heat - . 

Flux (q)
-4X I 0 

Kcal/hr.m2

h . , 
id

Expt.

Kcal
2

hr.m , l'C

id
Theo . 

Kcal

hr .m 2 . °C

(0 ) (7) (0 ) (9) (1 ) (1 1 ) (1 2 )

177 4 . 4 5 210 198 1.41 2216 2076

178 5 .0 1 237 217 1.60 2112 1990

179 5 .2 1 2 46 237 1.66 2025 1969

180 5 . 2 2 2 47 237 1 .66 1935 1939

181 5 . 9 3 200 2 37. 1 .34 2202 2115

102 6 .5 5 310 297 1 .40 2159 2033

183 7 . .on 335 297 1.64 .2124 1906

184 7 .  58 350 355 1.71 2046 1936

185 0 . 6 1 40 6 375 1.43

186 9 . 7 2 459 424 1.61

187 1 0 .0 1 473 445 1 .66

188 1 1 . 0 5 520 514 1 .03

189 o <_> „ 590 40 6

190 10 .125 470

191 10 . 690 505

192 11 .010 520

375 

435 

50 3 

514

1 .20  

1.41 

1 .50  

1 .54

2 420 

2 343 

2 201 

2131

2751

2412

2349

2242

21 01

2021

1974

1923

2259

2098

2056

2017



2 0 2

TABLE - Al-■12

Serial

No.

2

h

L ' f>\  g

1 /3
_ ) Re

r

i
Re c : 

f
fc

Mean 
Nusselt 

Number 
(Nu)

Condensation

Number

(Cv>

X1C-13

Re ^  
f

(0 ) (13) (14) (15) (16) (17)

177 ' 0 . 3 6 3 89 0.209 510 2 .5 3

178 0 . 3 4 6 100 0.201 493 2 .1 2

179 0 . 3 3 2 104 0.198 473 O 0/1+ <s j:

180 0 . 3 2 5 104 0.198 463 1 .92

101 0 . 3 7 4
n i O'x 0.214 759 2 .9 9

102 0 . 3 5 4 93 0.2.07 720 2 .5 6

103 0 . 3 4 8 101 0.202 706 2. 33

104 0 .  335 100 0.197 680 2 .1 0

105 0 . 3  98 09 0.209 1093 3 . 0 3

106 0 . 3 8  3 101 0.201 10 54 2 .59

107 0 . 3 6 1 104 0.199 991 2 .36

100 0 . 3 5 7 115 0.192 902 2 .12

189 0 . 4 5 1 09
0 .207 1456 4 .3 0

190

1 Oi

0 . 3 9 5 105 

i 1 1

0 .196

0.193

1270

1245

3 .2 0

2 . 9 5

0 . 3 0 5
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TABLE - Al-13

LQUID SYSTEM = WATER

TYPE OF CONDENSER = CONVERGING CONE SECTION 

VAPOUR TEMP ( T ^  = 100 °C

Serial 

No.

Coolant 

Rate 
L i t / h r .

(Kg/hr)

Cone

Angle

0 )

dog.

Average Coolant 

Temperature

Inlet  Outlet AT 
(T • ) (T )

Avg. 
Wall 
Temp.

(V

Avg. 

Conden- 
sate 
Temp.

^ rf 

HP _ !J1
J'v w

o

% °C °C
2
°C

:(o.) .......TT5 " (2 ) (3) rar (57 7 6 1

193 100 (9 9 . £ 6G ) 30.0 45 .0 15.0 oo.o 93 1 0 .0

194 200 (109 . 1 3 6 )
5 5

30.5 39 .7 9.2 74.0 91 13 .0

195 30 0 (2 90 . 7 0 ) 30,5 37.4 6.9 70.0 09 1 5 .0

196 4 0 0 ( 3 9 0 . 2 7 ) 31.0 36.4 5.4 60.0 07 1 6 .0

197 100 (99 . 560) 29.5 46.5 17.0 05 .0 ->4 7 .5

198' 2 0 0 ( 1 9 9 . 1 36) 30.0 40.0 10.0 oi.o: 52 9 .5

199 3 00 (290 .7 0 )

10 c
30.2 37.2 7.0 70 .0 91 1 1 . 0

200 4 00 (3  90 .2 7 ) 30.0 35.5 5 .5 77.0 90 - 11 .5

201 100 (93 . 5 60) 30 .0 49 .5 19.5 07 .5 94 6 .2 5

202 2 0 0 ( 1 9 9 . 1 3 6 ) ► 30.5 40 .9 10.4 06 .0 94 7 . 0

203 3 00 (2  90 .7 0 )

15°
30.0 37.6 7 .6 0 4 .0 92 0 . 0

204 4 0 0 (39 0 . 2 7 ) 30.0 35 .9 5 .9 03 .0 92 0 . 5

205 1 0 0 ( 9 0 . 5 60) 29.0 51 .0 21.2 90 .0 95 5 .0

205 200 (199 . 1 3 6 ) 3 0 .0 41 .4 11 .0
r> r> c ^ fc 95 S’. 7 5

207

200

300 (2 90 

400 (390

. 7 0 )

. 2 7 )

19 o

30.0

30.2

37 .0

36.2

7 .0

6.0

0 6 .0

0 4 .0

94

92

7 .0

O H vO • o



1ABLE - Al-13 (contd.)

Serial

No.

Average

Conden­

sate

Rate

Heat „ 

Released 
by Vapour

Heat -

Received
by

Coolant

Heat — 

Flux (q)

XI 0“ 4

h.
id

Expt. 
Kcal

h. , 
id

Theo.
Kcal

k g /h r K c a l /h r Kcal/hr Kcal/hr.m2
2

nr.m . C hr .m2 . °C

(0 ) (7) (0 ) (9) (10) (1 1 ) (1 2 )

193 . 2 . 9 6 7 1600 1573 10.77 10767 9336

194 3 .5 0 3 100 7 1032 12.69 9763 0920

195 3 . 0 9 0 2101 2061 1 4 . 1 4 . 942 5 0436

196 4 . 0  70 2197 2151 14.78 9240 0 302

197 3 . 2 1 6 1734 1693 o on
O  # J 11070 10016

190 3 . 0  55 20 70 1991 9.95 10473 9441

199 4 . 0 0 7 2202 2091 10.54 9505 9102

200 4 . 2  41 2 205 2190 10 .94 9514 9001

2 01 3 . 0 3 3 2006 1942 7.26 11615 10415

202 4 . 0 2 0 2171 20 71 7.63 10397 10123

203 4 .  310 2326 2270
n 1 *7
o  •  X / 10216 9791

204 4 .4 5 1 2390 2349
o A 9cj # j. ^ 9913 9644

205 4 . 2  07 ! 2267 2110 - 6 . 72 12220 10996

206 4 . 2 4 3 2 20 7 2270 6 .70 1130 0 10610

207 4 . 5 6 9 2 460 2 329 •7 .29 10419 10109

208 4 . 9 5 3 2670 2 309 7.92 9094 9777
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TABLE - 7:1-13 (contd.)

Serial

No.
- Af. 1 f h ( I _ | ----) /

r  f

I3
Ref Ref

f c Mean
Nusselt

Number
(Nu)

Condensation

Number

(Cv }
XI o" 1 3

R0f 1/3

(0 ) (13) (14) (15) (16) (17)

193 0 .  365 119 0.189 593 8 .2 2

194 0 . 3 3 1 140 0.179 542 2 .6 8

. 195 0 . 3 1 9 156 0.473 520 2 .1 5

196 0 . 3 1 4 163 0.171 510 2 .0 1

197 0 . 3 7 5 92 0.208 869 4 .6 8

198 0 . 3 5 5 110 0.196 822 3.-69

199 0 . 3 2 5 116 0.192 753 3 .1 9

200 0 . 3 2  3 121 0.189 747 3 .0 5

201 0 . 3 9 4 80 0 .217 1235 5 .  68

202 0 . 3 6 9 84 0.213 1158 5 . 0 7

203 0 . 3 4 7 90 0.209 1086 4 . 4 4

204 0 . 3 3 6 93 0.206 1054 4 . 1 7

205 0 . 4 1 5 74 0.221 1530 6 .8 1

206 0 . 3 8 3 75 0 .219 1414 6 .5 2

207 0 . 3 5 4 80 0 .215 1304 5 .3 5

208 0 . 3 3 6 87
0 .209 1238 4 .6 9



TABLE - Al-1'4

LIQUID  SYSTEM = WATER

TYPE 01 CONDENSER = CONVERGING CONE SECTION 

VAPOUR TEMP. (T ) = 1 0 0 ° C

Serial Coolant 

No. Rate
L i t / h r .

(Kg/hr)

Cone

Angle

(0 )

deg.

Average Coolant 

Temperature

Inlet Outlet AT
(T-) (T )

1 o

°c

Avg.

Wall
Temp.

°c

Avg.

Conden­

sate
Temp.

°C

A T f  =

T -T 
v w

2

°C

(0 ) (1 ) 12) (3) (4) f5> (6)

209 100 ( 9 9 . 2 2 5 ) 39.5 52 .7 13.2 85 .0 94 7 .5

210 200 ( 1 9 8 . 4 5 )
5°

40.0 47.5 7.5 82 .0 93 9 .0

: 211 300 ( 2 9 7 . 7 0 ) 4-0.0 45.5 5.5 80 .0 93 1 0 .0

212 4 0 0 ( 3 9 6 . 9 ) 40 .2 44 .5 4 .3 78 .0 91 1 1 .0

213 1 0 0 ( 9 9 . 2 2 5 ) 40.5 54.6 14.1 89 .0 95 5 .5

214 2 0 0 ( 1 9 8 . 4 5 )
1 0 °

40 .0 47.5 7 .5 88 .0 94 6 .0

215 3 0 0 ( 2 9 7 . 7 0 ) 40.2 45.8 5 .6 86 .0 93 7 .0

216 4 0 0 ( 3 9 6 . 9 ) 40 .0 44 .5 4 .5 85 .0 92 7 .5

217 1 0 0 ( 9 9 . 2 2 5 ) 39 .5 56 .7 17.2 90 .0 95 5 .0

218 2 0 0 ( 1 9 8 . 4 5 ) 40 .0 49 .0 9 .0 90 .0 94 5 , 0

219 3 0 0 ( 2 9 7 . 7 0 )

15°
40.2 46 .7 6 .5 89 .0 94 5 .5

220 400 ( 3 9 6 . 9 ) 40 .0 45 .0 5 .0 8 8 .5 93 5 .7 5

221 100 ( 9 9 . 2 2 5 ) 40 .5 59 .6 19.1 91 .0 96 .0 4 .5

222 2 0 0 ( 1 9 8 . 4 5 ) 40.5 51 .0 10 .5 90 .0 9 5 .5 5 .0

223 300 ( 2 9 7 . 7 0 )

19°
40 .0 47 .6 7 .6 8 9 .0 9 5 .0 5 . 5

224 400 ( 3 9 6 . 9 ) 40 .0 45 .8 5 .8 88 .5 9 4 .5 5 . 7 5
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TABLE Al-14 (contd.)

Serial

No.

Average

Conden­

sate

Rate

}cg/hr

Heat - Heat - H®at - 

Released Received Flux(q) 
by vapour by -4 

Coolant A1U

K c a l /h r  Kcal/hr Kcal/hr.  m2

hiC
Expt 

Kcal 

hr.m2 . °C

h. _

1 Theo,:

Kcal

hr.m2 . °C

(0 ) (7) (8 ) (9) (10 ) (11 ) (1 2 )

209 2 . 4 5 3 1322 1310 8 .8 9 11862 10032

210 2 .773. 1501 1488 le.io 11223 9586

211 3 .122 1683 1639 11 .33 11325 9337

212 3 .324 1791 1707 12 .05 10957 9117

213 2 . 7 0 2 1456 1399 ■ 6 .97 12676 .10824

' 214 2 . 8 8 7 1556 1488 7 .45 12418 10591

215 3 . 2 4 7 1750 1668 8 .40 11970 10190

216 3 . 4 4 6 1857 1786 8 .8 9 11856 10016

217 3 . 4 9 5 1884 1706 6 .62 13240 11012

218 3 . 3 6 9 1815 1786 6 .38 12754 11012

219 3 . 6 0 7 1944 1935 6 .83 12419 10763

220 3 . 7 2 9 2008 1985 7 .06 12270 10634

221 4 . 1 2  2 2221 1895 6 .58 14633 11289

222 , 4 . 3 7 3 2356 2083 6 .98 13969 10996

223 4 . 5 6 3 2460 2262 7 .29 13260 10737

224 4 .6 R 4 2524 2302 . 7 .48 13014 10 613

C
D
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TABLE - Al-14 (contd.)

——  2  ---
Serial _  /{^  1 /3  , Mean Condensation

No. h. (” 7?----Ref Re-c = --------T 7 ?  Nusselt Number
f f  g k f Ref 1 / 3 ' Number (Cv )

(Nu)
-13

X10

(0) (13) (14) (15) (16) (17)

221 0 . 4 9 6  72

222 0 . 4 7 4  77

223 0 . 4 5 0  80

209 0 . 4 0 2  98 0 .203  654 4 .29

210 0 . 3 8 1  111 0 .194  619 3 .57

211 0 . 3 8 4  125 0 .187  625 3 .22

212 0 . 3 7 2  133 0 .183  604 2 .92

213 0 . 4 3 0 77 0.221 995 6 .3 9

214 0 . 4 2 1 82 0.216 975 5 .8 5

215 0 . 4 0 6 93 . 0 .207 940 5 .02

216 0 . 4 0 2 98 0 .204 931 4 .68

217 0 . 4 4 9 73 0 .2  24 1407 7 .88

218 0 . 4 3 3 70 0.2  27 1355 7 .0 9

219 0 . 4 2  2 75 0.222 1320 6 .4  5

220 0 . 4 1 6 78 0.219 1305 6 .1 7

0 .223  1831 S . 32

0 .218  1748 7 .5 0

0 .215  -1660 6 .8
1
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TABLE - Al-15 

LIQUID  SYSTEM = WATER

TYPE OF CONDENSER = CONVERGING CONE SECTION 

VAPOUR TEMP (T ) ~ 100°C

rial Coolant Cone Average Coolant Avg. Avg.

No. Rate Angle Temperature Wall Conden-

L i t / h r .  O )  Inlet  outlet A T  TemP* sate

(kg/hr)  deg.
(T p (T ) 

o
C/*

(T ) Temp.

C °C

237 100 ( 9 3 . 8 0 7 )

238 200 ( 1 9 7 .6 1 4 )

239 300 ( 2 9 6 . 4 2 1 )

240 _ 400 ( 3 9 5 . 2 2 8 )

19

50.0

50 .0  

50.2

50.0

68.0

60 .0

57 .6

5 5 .6

13 .0  9 3 .0  9 7 .0

10.0  9 2 .0  9 6 .5  

7 .4  9 0 .0  9 5 .0  

5 . 6  8 9 .0  9 5 .0

T -T 
v

T o T “
... a y  —

(2) (3) (4) (5) (6)

225 100 ( 9 8 . 8 0 7 ) 50.0 61.6 11.6 88 .0 9 4 .0 6 .0

226 200 ( 1 9 7 . 6 1 4 ) 50.5 56 .4 5 .9 87 .0 9 3 .5 6 .5

227 300 ( 2 9 6 . 4 2 1 )

5°
50.0 54.2 ' 4 .2 86 .0 9 3 . 0 7 .0

228 4 0 0 ( 3 9 5 . 2 2 8 ) 50.4 53 .6 3.2 84 .0 9 3 .0 8 . 0

229 100 ( 9 8 . 8 0 7 ) 50 .0 63 .7 13 .7 91 .0 9 5 .0 4 . 5

230 200 (197 .  614) 50.5 57 .7 7.2 90 .0 9 5 .0 5 .0

231 300 ( 2 9 6 . 4 2 1 )

10°
50.5 55 .5 5 .0 8 8 .0 9 4 .0 6 .0

232 4 0 0 ( 3 9 5 . 2 2 8 ) 50.0 54 .0 4 .0 87 .0 9 3 .5 6 . 5

233 100 ( 9 8 . 8 0 7 ) 50.0 63 .0 13.0 93 .0 9 7 .0 3 .5

2 34 200 (197 .  514) 15°
50.0 57 .7 7 .7 92 .0 9 6 .5 4 . 0

235 300 ( 2 9 6 . 4 2 1 ) 50 .5 56 .1 5 ^6 90 .0 96 .0 5 .0

236 400 ( 3 9 5 . 2  28) 50.2 54 .8 4 . 6 8 9 .0 95 .0 5 .5

3 .5  

4 o 0 

5 .0

5 .5
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t a b l e : •- Al-15 (contd.)

Serial 

No.

Average
Conden­

sate

Rate

K g /h r

Heat - 

Released 

by vapour

Heat -

Received
by

Heat - 

Flux (q) 
-4

X10

h.

c Expt. 
Kcal

h .

1CTheo. 
Kcal

K c a l /h r
Coolant
Kcal/hr Kcal/hr.m2

2
hr.m . °C hr .m2 °C

(0) (7) (8) (9) (10) (11) (12)

225 2 . 1 3 3 1150 1146 7 .74 12898 10608

226 2 . 2 6 0 1218 1165 8 .19 12610 10398

227 2 .  291 12 34 1185 8 .30 11863 10207

228 2 . 3 7 3 1279 1268 8.61 10758 9872

2 29 2 . 5 6 9 1385 1353 6.63 14737 11381

2 30 2 .640 1423 1423 6.81 13627 11085

231 2 . 7 8 0 1498 1480 7.17 11955 10591

232 3 . 0 0  7 1620 1581 7.76 11934 10381

2 33 2 . 7 6 5 1490 1304 5.23 14958 12039

234 2 . 8 8 7 1555 1522 5 .46 13659 11644

2 35 3 . 2 4 7 1750 1660 6.15 12298 11012

236 3 . 4 3 0 1847 1818 6 .49 11799 10753

___ ____ --- —

237 3 . 4 8 5 1878 1778 5 .56 15907 12012

238 3 .6 3 2 1984 1976 5 .88  . 14705 11627

• 239 4 . 1 4 4 22 34 2193 6.62 13246 10996

240 4 . 2  20 2273 2213 6 .74 12253 10737
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TABLE - Al-15 (contd.)

Serial 

No.

2

- , A f

1 t 2 Vf  f  g K

i / 3

3^

f

Re^ p ' ---fc
Mean

Nusselt
Number

(Nu)

Condensation

Number

(CV

X10“ 13

1 R e , 1/ 3

(0) (13) (14) (15) (16) (17)

2 25 0 . 4 3 8 85 0.212 711 5 . 3 6

2'26 0 . 4 2 8

✓

90 0.208 695 4 . 9 5

227 0 .4 0  3 92 0.207 654 4 .5 9

2 28 0 . 3 6 5 95 0 .205 593 4 .0 2

229 0 . 5 0 0 73 0 .224 1157 7 .8 1

230 0 . 4 6 2 75 0.222 1070 7 .0 3

231 0 . 4 0 6 79 0 .218 939 5 .8 6

232 0 . 4 0 5 86 0 .213 .937 5 . 4 0

233 0 . 5 0 7 58 0 .2  42 1590 1 0 .1 3

234 0 . 4 6 3 60 0 .239 1452 8 . 8 7

235 0 . 4 1 7 68 0 .229 1307 7 . 0 9

236 0 . 4 0 0 71 0 .226 1253 6 . 4 5

237 0 . 5 3 9 61 0 .238 1991 10 .7

238 0 . 5 0 0 65 0.232 1841 9 . 3 7

239 0 . 4 4 9 73 0 .224 1658 7 .5 0

oC
M

0 . 4 1 6 74 0 .223 1534 6 .8 0
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TABLE - Al-16

LI QUID = ETHYL ACETATE

TYPE OF CONDENSER = CONVERGING CONE SECTION 

VAPOUR TEMP. (T ) = 77 .1 °c
V

Serial

No.

Coolant

Rate

L i t / h r .

(Kg/hr)

Cone

Angle

(e )

deg.

Average Coolant 

Temperature

Inlet Outlet AT
(T;) (T )1 o .

Avg.
VJall
Tenro.

(Tw )

Avg.
Conden­

sate
Temp*

A T f  =
T -T

V  W  

2
ac °C °C °C

ToT ( l ) (2 ) 7 1 7 (4) (5) (6)

241 100 (99 . 5 6 8 ) 30.0 34 .0 4,0 53 .5 68 1 1 .8 0

242 200 (199 . 1 3 6 ) 30,0 32.1 2.1 51.0 68 • 1 3 .0 5

243 30 0 (298 . 7 0 )
b

30.2 31.6 1.4 49 .0 66; 1 4 .0 5

2:44 300 (398 . 2 7 ) 30.0 31.0 1.0 47.0 65' 15 .05

245 100 (99 . 568) 30.0 34.9 4.9 54 .5 68 11 .3 0

246 200 (199 . 1 3 6 ) 30.5 33,1 2 .6 52 .0 67 12 .55

247 300 (298 . 7 0 )

10°
30.2 32.2 2.0 50 .0 67 1 3 .5 5

2 48 400 (398 .2 7 ) 30.0 31 .5 1.5 45 .0 66 1 4 .0 5

249 100 (99 . 568) 29.8 35.2 5. 4 60 .0 72 8 . 5 5

250 200 (199 . 1 3 6 ) 30.0 32.8 2.8 56 .0 70 9 c 55

251 300 (298 . 7 0 )
15° 30.0 32 .1 2.1 55 .5 69 10 .8

252 40 0 (39 8 .2 7 ) 30.2 31 .9 1.7 53 .5 69 1 1 .8 5

253 100 ( 9 9 . 5 6 8 ) 30.0 36 .0 6.0 62 .0 73 7 .5 5

254 200 (199 .3  36) 30.2 33 .3 3.1 60 .0 71 8 . 5 5

255
19°

30.2, 32 .4 2.2 58 .0 70 9 . 5 5

30C ( 2 9 8 . 7 0 )
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TABLE - Al-16 (contd.)

Serial 

■ No.

Average
Conden­

sate

Rate

Heat - Heat - 

Released Received 
by vapour by

Coolant

Heat - 
Flux (q)

XI 0“ 4

h.
1C

Expt.
Kcal

h ic

Theo.
Kcal

k g /h r K c al /h r Kcal/hr Kcal/hr,m2 hr.m2 . °C hr .m 2 . °C

(0) (7) (8) (9) (10) (11) (12)

241 4 . 7 0  4 403 398 2.71 2298 1992

242 4 . 9 1 2 421 418 2.83 2170 1942

243 5 . 2 0 0 445 418 2.99 2131 1907

244 5 . 0 4 2 432 398 2*91 1931 1874

245 6 . 3  69 545 488 2,61 2309 2010

246 6 . 7 9 2 582 518. 2.78 2220 1958

247 7 . 0 4 3 603 597 2.8£ 2130 1921

248 7 . 0 4 3 603 597 2.89 2055 1904

249 6 . 5 9 0 563 537 1.98 2318 2141

250 7 . 0 0 6 601 558 2.11 2207 2083

251 7 . 7 3 9 663 627 2 .33 2157 2020

252 8 . 2  70 709 677 2.49. 2102 1976

253 7 . 1 2 0 627 597 1 .86 2462 2205

254 7 . 3 9 0 651 617 1.93 2257 2138

255 8 . 0 0 704 557 2 .09 2186 2079

' 2 56 8 . 6 7 763 717 2 .26 2094 2016
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TABLE Al-16 (contd.)

Serial _  i f w^an i+- Condensation

NO‘ 1 p \  q >4 R6f Ref = ^ 7 3  S t  lX hr
' f J f ef (‘Sr'(Nu)

252 0 . 2 8 5  179

V -13 
X10 x

(0) (13) (14) (15) (16) (17)

241 0 .3 1 2  195 0.161 499 1 .60

242 0 .2 9 5  204 0.159 472 1.45

243 0 .2 8 9  216 0.156 463 .1.35

244 0 .2 6 2  209 0.157 420 1 .26

245 0 .3 1 4  189 0.164 715 1.83

246 0 .3 0 2  201 0.160 687 1.65

247 0 . 2 3 9  208 0.158 659 1 .53

248 0 . 2  79 208 0.158 636 1 .47

249 0. 315 142 0.179 971 2 .44

250 0 .3 0 0  151 °-175 924 2 ,19

251 0 .2 9 3  167 0.170 903 1 .94

0.166 880 1 .76

253 0 . 3 3 4  130

254 0 . 3 0 7  135

255 0 . 2 9 7  , I46

0 1 7 1  1033 2 . 0 ‘.i
256 0 .2 8 5  158

0.183 1214 2 *92

0.181 H 1 3  2 .58

0.176 1078 2 .31
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LIQUID SYSTEM = ETHYL-ACETATE

TYPE OF CONDENSER - CONVERGING CONE SECTION

TABLE -■ Al-17

269

270

271

272

100 (9 9 .2 2 5 ) )  

200 (198 .45 )  

300 (297 .70 )  

400 (396 .90 )

19°

VAPOUR TEMP. (Tv ) = 77 .1°C
-

Serial

No.

Coolant

Rate
L it /h r .

(Kg/hr)

Cone Average Co Ola: 
Angle Temperature 

(e)
Inlet Outlet 

deg. (T^3 (Tq )

nt

4T

Avg.

Wall
Temp.

(T ) 
w

°C

Avg. 
Conden­
sate 
Temp.

°C

A T f =

T -T 
v w
2

CC

(o) U.1 (2) (3) (4) (5)
------------------̂  . . .

257 100 (99 .225 ) 40.0 A O * ‘x 3 • '£ 3.4 58.0 71 9.55

258 200 (198 .45 ) 40.5 42.3 1.8 55.5 71 10.8

259 300 (297 .70 )
5°

40.2 41.4 1.2 53.5 70 11.8

260 400 (396 .90 ) 40.0 ' 41.0 1.0 51.0 69 13.05

2 61 100 (99 .225) 39.5 43.5 4.0 60.0 71 8 .55

262 200 (198 .45 ) 40.0 42.1 2.1 58.0 71 9 .55

263 300 (297 .70 )
10°

40.0 41.6 1.6 55.5 70 10.8

2 64 400 (396 .90 ) 40.0 41.3 1.3 53.5 69 11.8

265 100 (99 .225) 40.0 44.2 4.2 63.0 71 7.05

266 200 (198 .45 )
15°

40.0 42.6 2.6 61.0 71 8 .05

267 300 (297 .70 ) 40.0 42.0 2.0 58.0 70 9 .55

268 400 (396 .90 ) 40.2 41.7 1.5 56.5 69 10 .3

40.0 45.4 5.4 64 .0 73 6 .55

40.2 43.2 3.0 62 .0 72 7 .55

40.0 42 .2 2.2 60 .0 71 8 .5 5

40.2 41.9 1.7 58 .0 70 9 .5 5
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TABLE - Al-17 (contd.)

Serial

No.'

Average
Conden­
sate
Rate

Heat — Heat - 

Released Received 
by vapour by

Coolant

Heat - 
Flux (q)

XI0"4

h. e

1 Expt.

Kcal

h . 
xC_,

Tneo,
Kcal

Kg/hr Kcal/hr Kcal/hr Kcal/hr.m2 hr.m2 . °C
2

hr.m ,°C

(0) (7) (8) (9) (10) (11) (12)

257 3 .985 341 337 2.29 240 3 2100

258 4 .239 363 357 2.44 2261 2036

259 4 .408 3 78 357 2.54 2155 1992

2 60 7 0 /: ■J.O f KJ ‘ £ 403 397 2.72 2078 1942

261 5 .000 429 397 2.05 240 3 2156

2 62 5 .410 464 417 2.22 2326 2096

263 5. 787 496 476 2.37 2199 2033

2 64 6 .190 530 516 2 .54 2150 1989

265 5 .690 486 416 1.71 24 27 2247

2 66 6 .310 541 516 1.90 2361 2174

267 7 .150 515 595 2.16 2255 2083

2 63 7 .350 631 595 2.22 2149 2044

269 6. 390 563 536 1.67 2 548 2285

2 70 7 .200 634 595 1.88 2489 2205

271 7 .500 665 655 1.97 2306 2138
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TABLE - A1 - 1.7 (contd.)

Serial
No.

_ / < !  1/3

^ 7  J  
f f  CJ k f

Ref F
1 fc— . j-y

Mean
Nusselt
Number

(Nu)

Condensation
Number

^  -13
X10

f R e . 1/ 3 
r

(0) (13) T u T T i s r — 7i6l (177
257 0 .3 2 7 156 0.170 522 1.98

258 0 .3 0 7 1.76 0.167 491 1 .75

259 0 .2 9 3 183 0.164 468 1.61

260 0 .2 0  3 195 0.161 452 1 .45

261 0 .3 2  7 148 0.177 744 2.42

262 0 .3 1 6 160 0*173 720 2.17

263 0 .2  99 171 0.169 681 1.92

264 0 .2 9 2 183 0.165 . 665 1 .76

265 0 .3 3 0 123 0.188 1016 2 .97

266 0 ,3 2 1 136 0.182 989 2.60

267 0 .3 0 7 154 ■ 0.175 9 45 2 .19

268 0 .29  2 159 0.173 900 2 .03

269 0 .3  46 116 0.190 1257 3 .37

270 0 .3 3 8 131 0.182 12 26 2 .92

271 0 .3 1 3 137 0.180 1137 2. 58
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TABLE - Al-18

L IQ U ID  SYSTEM = ETHYL ACETATE

•TYPoi. OF CONDENSER = CONVERGING .COKE SECTION

VAPOUR TEMP. (T ) = 7 7 .1 cC

Serial

No.

Coolant
Rate
L it /h r .

(Kg/hr)

Cone
Angle

(©)

deg.

Average Coolant 
Temperature

Inlet Outlet A t

( tfs) (T )
1 o

Avg.
Wail
Temp.

,(T)
w

°c

Avg. 
Conden­
sate 
Temp. ■

°C

Arf =

T -T 
v w

2
°C

(o) T l) (3) (4) (5) (6)

273 100 (98 .807 ) 49*8 51.8 2 i'O 66.0 72 5.55

274 200 (197. 61-) 50.0 51.1 1.1 64.0 72 6 .55

275 300 (296 .421 )
C c

50.0 50.8 0.8 62.0 71 7.55

276 400 (395.2.28)

0
50.2 50.8 0.6 61.0 70 8 .05

277 100 (98 .80  7) ■ 50.0 53.0 3.0 66.0 73 5 .5

278 200 (197. 614) 50.5 52.0 1.5 65.0 73 6 .0

279 300 (296 .421)
10°

50.2 51.4 1.2 63.0 72 7 .0

230 400 (355 .228 ) 50.0 50 o 9 n Q ■j • -■ 62.0 71 7.5

281 100 (98 .807 ) 43.5 53.5 4.0 68.0 74 4 .55

282

283

2 00 (197 .614 )  

300 (296 .421 )

15°

50.0

50.0

52.2

51.6

2.2

1.6

6 6.0 

63.0

73

72

5,55

7.05

284 4 0 0 (3 9 5 .2 2 8 ) 50.2 51.5 1.3 62.0 71 7.55

285

286

287

288

100 (98.-30 7) 

200 (197 .614 )  

3 0 0 (2 96 .42 1 )  

4 0 0 (3 9 5 .2 2 8 )

19"

50.5 

50 .0 

50.0 

50.2

55.0

52,4

51.8

51.6

4.5

2.4 

1.8

1.4

70.0

68.0 

66.0 

65.0

74

74

73

72

3 .55

4 .55

5 .55  

6 .05
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TABLE - Al-18 (contd.)

Serial

No.

Average
Conden­
sate
Rate

: Heat - Heat - 

1 Released Received 
by vapour by

Coolant

Heat - 
Flux (q)

X10“ 4
lGExpt.

Kcal

hic 
1 Theo.

Kcal

kg /hr Kcal /hr Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

273 2 .5 6 9 220 198 1.48 2667 2405

274 2 .6 94 231 217 1.55 2373 2 308

2 75 3 .025 259 237 1.74 2308 2227

276 3 .067 263 237 1.77 2198 2,192

277 3 .740 320 296 1.53 2761 2401

2 78 3 .790 32 5 236 1.56 2572 2350

279 4 .2 40 363 356 1.74 2465 2262

280 4 .240 363 356 1.74 2302 2223

281 5 .24  0 450 395 1.58 3467 2507

282 5 .5 23 473 4 35 1.66 2994 2385

283 5 .890 503 474 1.77 2516 2247

.284 6 .050 517 514 1.81 2411 2209

285 5 .100 449 445 1.33 3750 2663

286 5 .8 00 511 474 1.51 3329 2503

287 S. 410 564 533 1.67 3012 2 382
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TABLE — A1 - X8 (contd.)

Serial

No.
r  , A f  , 1 / 3

i ->2 3
/>f g * f

Ref Ref
fc

Re, 1//3 
f

Mean
Nusslet
Number
(Nu)

Condensation
Number

(Cv >

X10"13

(0) (13) (14) (15) (16) (17)

2,73 0 .3 62 107 0.1S7 580 3.41

2 7 a 0 .322 112 0.194 516 2 .89

275 0 .3 1 4 12 6 0.186 502 2.51

276 0 .2 9 9 127 0.186 478 2 .35

2,77 0 .3  75 111 0.195 854 3 .74

2 70 0. 3 49 112 0.195 796 3.42

2 79 0.3?,5 12,6 0.187 763 2 .94

280 0 .3 1 3 126 0.187 712 2 .74

28.1 0 .4 7 1 .113 0.193 1452 4 .59

282 0 .4 0 7 119 0.190 1254 3 .77

283 0 .3  42 127 0.106 10 54 2 .97

284 0 .3 2 3  . 131 0.184 1010 2 .7 7

285 0 .5 10 93 0.204 1849 6.21

286 0 .4 53 106 0.196 1642 4.85

287 0 .4 0 9 117 ' 0.189 1486 3.98

288 0 .3 9 5 123
0.106 1433 3 .65



LI QUID SYSTEM = ETHYL ALCOHOL

iYPE Oi CONDENSER = CONVERGING CONE SECTION

VAPOUR TEMP. (T ) = 78.3°C

Serial Coolant C'one Average Coolant Avgl ~Avg~. ~

No. Rate Angle Temperature Wall Conden- &T,_ =
L i t /h r .  (0) t i -1 Temio. s3.ts

Inlet Outlet &T ^ ^ m
(T ) Temp T ,-T

(Kg/hr) deg. (Tp (Tq ) w ~2~

&£ OQ OQ OQ

^  ^  — 7 3 ) — ---‘(47— i s !---- TeT

' 289 100 (99 .568 )  30.0 34.0 4.0 53.5 69

290 200 (199. 136) 30.2 32.4 2.2 51.0 68
5°

291 300 (298. 70) 30.0 31.4 1.4 49.0 66

292 400 (398 .27 )  29.8 30.9 1.1 47.5  65

„  2 2 1
TABLE - Al-19

293 100 (99 .5C8 ) 29.5 34.5 5.0 56.5 69 10.90

294 20 0 (199 .136)
1 0 °

30.0 32.8 2 .8 55.0 68 11 . 65

295 300 (298 .7 ) 30.0 31.9 1.9 53.5 66 12.40

296 400 (398 .27 ) 30.2 31.7 1 .5 51.0 65 13.65

297 100 (99 .568 ) 30.0 36.0 6 .0 61.0 73 8 , 65

298 200 (199 .136) 30.5 33.9 3.4 58.0 71 10.15

299 300 (298 .70 )

15°
3 0 .0 32.2 2 .2 55.5 70 11.40

300 400 (398 .27 ) 3 0 .0 31.3 1 .8 53.5 69 12.40

301 100 (99 ,568 ) 29.6 36.6 7.0 63.0 74 7 .65

302 200 (199 .136 ) 30.0 33.8- 3.8 60.0 72 9 .15

303

304

300 (298 .70 )  

4 0 0 (3 9 8 .2 7 )

19°
30.0

30.2

32.6

32.4

2 . 6

2 . 2

58.0

55.5

71

70

10 .15

11.40

12.40

13.65

14.65

15.40
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TABLE - Al-19 (contd.)

Serial
No.

Average 
Conden­
sate 
Rate

Heat - 

Released 
by vapour

Heat -

Received
by

Coolant

Heat - 
Flux (q) 

-4
X10

h.
1 Expt. 

Kcal

h • ̂
1 Theo.

Kcal

kg/hr Kcal/hr Kcal/hr
o

Kcal/hr. hr.m2 . °C hr.m2 °C

(0 ) (7) (8 ) (9) (10 ) (1 1 ) (1 2 )

289 1 .9 7 6 415 398 2.79 2252 1725

290 2 .109 443 438 2.98 2188 1685

291 ? .026 425 418 2 .8 6 1952 1655

292 2 .0 8 6 438 438 2.95 1913 1635

293 2 .576 541 497 2.59 2376 1780

294 2 .6 7 4 561 557 2.69 2305 1723

2.95 2 .722 572 567 2.74 2208 1682

296 2 .900 609 597 2.92 2136 1660

297 2 .8 69 60 2 597 2 .11 2442 1873

298 3 .3 2 6 698 677 2.45 2416 1800

299 3 .550 74 6 657 2.62 2296 1748

300' 3 .712 779 717 2.74 2207 1711

301 3. 349 70 3 697 2.08 2725 1928

302 3 .7 25 732 757 2.32 2 534 1844

303 3 .818 301 777 2.37 2339 1797

to
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TABLE - A l-19 (contd.)

Serial

No.

2 1/3

r  f  9 * f
Ref

* "FpPp — -. ,
Mean
Nusselt
Number

(Nu)

Condensation
Number

<cv>

X10~13

f ^ 7 7 3
f

(0 ) (13) (14) (15) (16) (17)

289 0 .5 8 5 48 0.257 568 1 .64

290 0 .5 6 3 50 0.253 551 1.49

291 0 .5 0 7 49 0.255 492 1 .39

292 0 .4 9 7 50 0.253 482 1.32

293 0 .6 1 7 44 0.266 853 2 .04

294 0 .5 9 9 45 0.264 828 1.91

295 0 .5 7 4 46 0,262 793 1 .80

296 0 .5 5 5 49 0.256 767 1 . 63

297 0 .6 3 4 36 0.283 1187 2 .59

298 0 .6 2 7 41 0.2 71 1175 2 . 2 1

299 0 .5 9 6 44 0.265 1116 1 .99

300 0 .5 7 4 46 0.261 1073 1 .31
U i 

m
 

i

0 . 7 0 8 35 0.283 1560 3 .10

302 0 .6 5 8 39 0.273 1450 2 .59

303 0 . 608 40 0.271 1339 2 .3 3

304 0 .5 9 3 44
0 .2  62 1307 2 .08



TABLE - Al-20

LIQ U ID  SYSTEM = ETHYL-ALCOHOL

TYPE OF CONDENSER = CONVERGING CONE SECTION

VAPOUR TEMP.(T ) = 78 .3 °C

224

Serial Coolant 

No. Rate
L it /h r .

(Kg/hr)

Cone
Angle

{%)

deg.

Average Coolant 
Temperature

Inlet Outlet &.T

(T-) (T )
1 o'

Avg.
Wall
Ternp.

(T ) 
w

°C

Avg. 
Conden­
sate 
Temp.

°C

A T f =

T -T 
v w

2
°C .

(0) (1) 7 2 ) (3) Rl (5) " " 7 6 T  ■

■ 305 100 (99 .225 ) 40.0 43.5 3.5 58.0 71 10 .15

306 ,200 (198 .45 ) 40.0 42.0 2.0 55.5 70 11 .'40

307 300 (297 .70 )
Z>

40.2 41.5 1.3 53.5 68 12.40

308 400 (3 9 6 .90 ) 40.2 41.2 1.0 51.0 66 13 .65 .

309 100 (99 .225 ) 40.0 44.5 4.5 60.0 71 9 .15

310 2.00 (1 9 8 .45 )
10°

40.0 42.4 2.4 58.0 70 10.15

311 3 0 0 (2 9 7 .7 0 ) 40.2 41 .8 1.6 55.5 70 11 .40

312 400 (395 .90 ) 40.0 41.3 1.3 53.5 69 12.40

313 1 0 0 (9 9 .2 2 5 ) 40.0 .45.0 5.0 64.0 73 7 .15

314 200 (198. : 5) 40.5 43.3 2.8 62.0 72 8 .15

315 3 0 0 (2 9 7 .7 )

15°
40.2 42.2 2.0 60.0 71 9 .15

316 4 0 0 (3 9 6 .9 0 ) 40.0 41.5 1.5 58.0 70 10.15

317 1 0 0 (9 9 .2 2 5 ) 40.0 45.2 6.2 66.0 74 6 .15

318

319

2 0 0 (1 9 8 .4 5 )  

3 0 0 (2 9 7 .7 0 )

19°

40.0

40.0

43.2

42.4

3.2

2.4

64.0

62.0

73

72

7.15

8 .1 5

320 4 0 0 (3 9 6 .9 0 ) 40.2 42.0 1.8 60.0 72 9 .15
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Ti-iBLE — Al —20' (contd.)

h.Serial Average Heat - Heat - Heat - n .

No. . Conden- Released Received Flux (q) hi c „ icn
sate pY  vapour by . 4 " E xp t . Tnec

Rate Coolant X1° Kcal Kcal

Kg/hr  Kcal/hr  Kcal/hr Kcal/hr.rn" hr.m2 . °C hr.rn2 . °C

(0 ) (7) (8) (9) (10) (11) (12)

305 1 .757 369 347 2.48 2446 1814

306 1. 90 9 400 397 2.69 23 61 1762

307 1. 9S0 416 417 2 .80 2257 1725

308 2 .102  ‘ 441 436 2.97 2174 1684

— — —--- .M— .

30 9 2 .170 456 446 2.18 2386 1859

310 2 .323 483 476 2.34 2 302 1811

311 2 . 58 3 542 476 2.60 22,77 1759

312 2 .736 575 516 2.75 2221 172 3

313 2 .5 39 533 496 1.87 2619 1964

314 2 .778 58 3 556
0 nc, 

• z  « O  j 2513 1901

315 2 .9 49 619 596 2.17 2 377 18 46

316 3 .042 639 596 2.24 2212 1800

■----. _ ...... ______- ---

317 2 .9 3 3 616 615 1.83 2970 2056

318 3 .2  36 680 635 2.02 2820 1961

319 3 .480 731 715 2.17 2659 1898

320 3 .480 731 715 2.17 2 368 1844

-— _______ _ _ . --- -— ------ —

t
o
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TABLE «. Ai—20 (contd.)

Serial , - ( /t, f  ̂1 /3   ̂  ̂ Mean Condensation

No • i ~2 3 Ref Re-c ~ —T/o Nusselt Number
/"'f ^   ̂ Ref Number (C )

(Nu)

0 .6 81

314 0 . 6 5 3  35

315 0 .6 1 8  37

316 0. 575 38

XI0

v 
— 15

(o) (13) (14) (15) (16) (17)

305 0 .6 3 5  42 -0.268 617 2 .00

306 0 .6 1 4  46 0.2 61 596 1 .78

307 0 .5 3 6  18 0.257 569 1.64

303 0 .5 6 5  50 ' 0.253 548 1 .49

309 0.62.0 3 7 0.282 857 2 .43

310 0 .5 5 8  39 0.2 76 82 7 2 .19

311 0 .5 91  44 0.266 818 1 .95

312 0 .5 7 7  47 0.260 798 1 .79

313 0 .6 8 1  32 0.295 1273 3 .1 dr

0.286 1222 2 .75

0.281 1156 2 .45

0.278 1075 2 .21

31 7  0 . 7 7 2  31 ° * 2 9 5  1 7 0 0  3 * 8 5

_ 0 9  o f. 1 6 14  3 • 3 /.
318  0 . 7 3 2  ■ 34  J . 2 - 6

31 9  0 # 6 9 1  37 0 . 2 7 8

320  0 . 6 1 5  37 ° - 2 7 8

1522 2 .91

1355 2 .59



LIQUID  SYSTEM = ETHYL ALCOHOL

TYPE OF CONDENSER - CONVERGING CONE SECTION

TABLE - Al-21

33 3 

334

335

336

VAPOUR TEMP. <TV) = 78 .3°C

Serial

No.
Coolant
Rate
L it /h r .

(kg/hr)

Cone

Angle

(&)

deg.

Average Coolant 

Temperature

Inlet Outlet dT

(T:) (T )
1 0

aC

Avg.
Wall
Temp.
(T ) 

w

°C

Avg.
Conden­
sate
Temp.

°C

A T f =

T -T 
V W

2
°C

Id) (l) (2) (3) (4) (67

321 100 (98 .807 ) 49.8 52.8 3.0 62.0 72 8 .15

'322 200.(197.514)
c: c

50.0 51.5 1.5 60.0 71 9 .15

323 300 (296 .421 )

Z)
50.0 51.2 1.2 58.0 70 10.15

324 400 (395 .228 ) 50.2 51.1 o.s 55.5 69 11.40

325 100 (98 .80  7) 49.5 53.0 3.5 64.0 73 7.15

326 2 0 0 (1 9 7 .6 1 4 ) 50.0 51.8 1.8 62 .0 73 8 .15

327 300 (296 .421)
10°

50. 0 51.4 1.4 60.0 72 9 .15

328 4 0 0 (3 9 5 .2 2 8 ) 50.2 51.4 1.2 58.0 70 10 .15

329 100 (98 .807 ) 50.0 54.5 4.5 68.0 74 5 .15

330 200 (197 .614 ) 50.0 52.4 2.4 66. 0 74 6 .15

331 300 (296 .421 )

15°
50.0 51.6 1.6 64.0 73 7 .15

.332 400 (395 .228 ) 50.0 51.4 1.4 62.0 72 8 .15

100 (93 .807)  

2 0 0 (1 9 7 .6 1 4 )  

300 (296 .421 )  

4 0 0 (3 9 5 .2  28)

19 ‘

50.5 55.0 4.5 70.0 75 4.15

50.0 52.6 2.6 68.0 75 5 .15

50,. 0 51.8 1.8 66.0 74 6 .15

50.2 51.7 1.5 64.0 72 7 .15

r
o



. 22B

TABLE - Al-21 (contd.)

Serial 

No.

Avercige
Conden­

sate
Rate

Heat - Heat - 

Released Received 
by vap8ur by

Coolant

Heat - 
Flux (q)

XI 0“ 4

hiP.
Expt.

Kcal

h

lCfTheo. 

Kcal

Kg/hr Kcal /hr Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

321 1 .4  75 310 2.96 2.09 2559 1916

322 1 .595 335 296 2.25 2464 1862

323 ' 1 .701 357 355 2 „ 40 2366 1014

324 1 .701 357 355 2.40 210 7 1762

325 1 .752 368 346 1.76 2598 1977

326 1 .959 411 356 1.97 2415 1913

327 2 .1 4 9 451 415 2.16 2360 1859

328 2 .288 481 474 2.30 2259 1811

329 2 .171 456 445 1,60 3111 2132

330 2 .263 475 474 1.67 2714 2039

331 2 .480 521 474 1.83 2560 ' 1964

332 2 .641 555 553 1.95 2392 1901

333 2 .131 448 445 1.33 3200 2 247

334 2 .468 519 514 1.54 2988 2129

335 2 .708 568 534 1.68 2738 2036

336 2 .869 603 593 1.79 2500 1961



TABLE w. Al~2i (contd.)

Serial 

No« 3)

1/3

Ref Ref# fc Mean
Nusselt
Number
(Nu)

Condensation

1 f t  g k i Ref ^
N-umber

(Cv ) , 
X10~13

(0) (13) (14) (15) (16) (17)

321 ■0.665 35 0.285 645 2.50

322 0 .6 4 0 38 0.2 78 621 2.22

323 0 .6 1 5 41 0.271 597 2.00

324 0 .5 4 8 41 0.271 531 1.78

325 0 .6 7 5 30 0.302 933 3.11

' 326 0 .6 2 7 33 0.292 867 2.72

327 0 .6 1 3 37 0.282 847 2.43

328 0 .5 8 9 39 0.277 815 2.19

329 0 .8 0 8 27 0.312 1513 4.35

330 0 .7 0 5 28 0.308 1319 3.65

331 0 .6 65 31 0.298 1245 3.13

332 0 .6 21 33 0.292 1163 2.75

333 0 .8 32 22 0.331 1832 5.71

334 0 .7 7 6 26 0.313 1710 4.61

335 0 .7 11 29
0.302 1567 3.85

336 0 .6 4 9 30
0.298 1431 3.31



2 3 0
TABLE - Al-22 

LIQUID SYSTEM = CARBON - TETRA 

.TYPE OF CONDENSER = CONVERGING 

VAPOUR TEMP. (T ) 76.75°C

- CHLORIDE 

CONE SECTION

Serial Coolant

MO

(oT

349

350

351

352

Rate
L it /h r

(Kg/hr)

Cone Average Coolant 
Angle Temperature 

(&)
Inlet Outlet AT

TiT

deg.

m

(T; )
-L

(T

Avg. Avg.
Wall Conden- 
Temp. sate

(T ) Temp

A? f

w

•>r

U T ITT
'JC

"TsT

1 0 0 (9 9 .5 6 3 )  

2 0 0 (1 9 9 .1 3 6 )

300 (2 9 8 .7 0 )  

4 0 0 (3 9 8 .2  7)

19°

T -T 
v w
2 

° C

( 6 /

337 100 (99 .568 ) 29.5 32.7 "3 ?-J • 51.0 67. 12.875

338 2 0 0 (1 9 9 .1 3 6 ) 30.0 31.6 1.6 43.0 66 13.875

33S 300 ( 2 9 8 . 7C)
5°

30.0 31.2 1.2 47.0 64 14.375

340 400 (398 .2  7) 30.0 30.9 0.9 45.0 63 15.875

341 100 (99 .563 ) 30.0 34.0 4.0 54.5 68 11.125

342 200 (199 .136 ) 30.2 32.3 2.1 51.0 67 .12 .875

10°
343 3 0 0 ( 2 9 8 . 7Q) 30.0 31.5 1.5 49 .0 ' 65 13.875

344 4 0 0 (3 9 8 .2 7 ) 30 .5 31.8 1.3 4 7«0 65 14.875

345 100 (99 .5  68) 29.0 33.9 4.9 58.0 69 9 .375

3^6 200 (199 .136 ) 30.0 32.7 2.7 54.5 68 11.125

347 300 (293 .70 )

15°
30.0 32.2 2.2 49.0 66 13.875

340 400 (398 .2  7) 30.2 32.0 1.8 47.0 65 14.875

30.0 35.5 5.5 60.0 70 8 .375

29.8 32.8 3.0 56.5 69 10 .12 5

30.0 32.4 94Lt 0 52.0 67 12 .375

30.2 32.1 1.9 49.0 66 13 .375



-  2 3 1

TABLE - Al-22 (contd.)

Serial Average 
No.' Conden­

sate 
Rate

Heat _ Heat - • 

Released received 
by vapour by

Coolant

Heat - 
Flux (q) 

_ &_ 
XI0 *

h .
1C n ,

J^xpt . 

Kcal

1GTheo. 

Kcal

Kg/hr Kcal /hr Kcal/hr
2

Kcal/hr. in hr.m2 . °C hr.m2 .°C

(0) (7) (8) (9) . (10) (11) (12)

337 7 .13 337 332 2.27 . 1761 1741

■ 338 7 .4 8 3 53 319 2,37 1712 1709

339 7.61 360 358 2.42 1628 1680

340 7 .61 360 358 2.42 1528 1653

341 9 .00 425 398 2.04 1829 1803

342 9 .6b 456 418 2.18 1695 1738

343 10. 3 48 6 477 2.33 1677 1706

344 11 .01 520 518 2.49 1674 1676

345 11 .34 535 488 1.88 2005 1869

346 12 . 32 582 538 2.05 1831 1791

347 15 .05 691 557 2.43 1749 1695

348 15 .89 750 717 2.63 1772 1666

349 12 .67 598 548 1.77 2116 1920

350 14 .00 661 598 1.97 1936 1832

351 16 .43 77 6 . 717-
2.30 1859 ■ 1742



2 3 2

TABLE - Al-22 (contd.)

se-ial - ' t f  1 / 3  , . Mean C o n d e n s a t io n

t o . h i (-2---"3 >  R e f  R ef  °  ~ 1 7 3 ‘!USv3 e l t  N? c b ) r
P ,  q k .  Re- Number 1CJ

/ f J f 1 ^  v _13

(0 )

341

346

0 . 2  99 128 0.186

342 0 .2 7 7  137 0.182

343 .0.2 75 ' 146 0.178

344 0 .2  74 157 0.174

0 . 2 9 9  128 0.186

347 0 .2 8 6  I 56

348 0 .2 9 0  I 65

0.174

0.171 798

349 0 . 3 4 7  112

350 0 .3 1 7  I 24

351 0 .3 0 4  I 45

352 0 .2 8 4  I 52

0.192 l l 2 1

0.186 1 ° 26

0.176 985

0.174 919

XI0

(13) (14) (15) (16) (17)

3 3 7 . 0 .2 88  143 0.178 411 , 1.25

338 0 .2 80  150 0.175 400 1 .16

339 0 . 2 6 6  152 0.175 380 1-08

340 0 .250 152 0.175 356 1.01

608 1.58

5 64 1.37

558 1 »27

557 I * 1 8

89
345 0 .3 2 8  I I 8 0.191 - 02

824 i * 59

787 i *28

1 .19

1 .85

1.52

1 .3 5



„ 2 3 3

TABLE - Al-23

LIQUID SYSTEM = CARBON-TETRA-CHLORIDE 

TYPE OF CONDENSER = CONVERGING CONE SECTION

361 100 (9 9 .2 25 )

362 200 (198 .45 )

363 300 (2 9 7 .70 )

364 400 (396 .90 )

365 100 (99 .225 )

366 200 (1 9 8 .45 )

367 300 (297 .70 )

368 400 (396 .90 )

15'

19

40.0

40.0

40.5

40 .5

VAPOUR TEMP.
< V

= 76.75° C

Serial 

No. •

Coolant

Rate
L it /h r .

(kg/hr)

Cone
Angle

(9)

deg.

Average Coolant 
Temperature

Inlet Outlet

(Tj ) (T )
1 o

Avg. Avg.
Wall Conden-
Temp. sate

(T ) Temp. 
w

°c °c

A T f  =

T -T
V w 

2
°C

....... 7

(0) (1) (2) ^ 3 ) (4) (5; (6)

353 100 (99 .225 ) 40.4 43.0 2.6 58.0 69 9 .375

354 2 0 0 (1 9 8 .4 5 ) 40.0 41.4 1.4 54.5 68 11.125

355 300 (297 .70 )

5°
40.2 41.2 1.0 53.5 67 11.62 5

' 356 4 0 0 (3 9 6 .9 0 ) 40.0 40.8 0.8 51.0 66 12.875

357 100 (99.2.25) 39.8 43.1 3.3 60.0 70 8 .375

358 2 0 0 (1 9 8 .4 5 ) 40.0 41.9 1.9 55.5 69 10 .625

359 300 (2.97.70)

10°
40.0 41.4 1.4 53.5 67 11 .625

360 400 (3 9 6 .90 ) 40.2 41.3 1.1 51.0 66 12 .875

40.0 44.3 4.3 63.0 72 6 .875

40.2 42.8 2.6 60.0 70 8 .3 75

o
9

o 42.0 2.0 55.5 69 10.62  5

40.5 41.9 1.4 53.5 67 11.625

4.5 64.0 73 6 .375

2.7 61.0 71 7 .875

CO • to 58.0 70 9 .375

1.7 55.5 68 10 .625



2 3 4

TABLE - Al-23 (contd.)

Serial

No.

Average
Conden­
sate
Rate

Heat - Heat - 
Released Received 
by vapour by

Coolant

Heat - 
Flux (q)

XI0" 4

h .
lcExpt. 

Kcal

h.
1C Theo. 

Kcal

Kg/hr Kcal/hr Kcal/hr Kcal/hr .m2 hr.rn2 . "C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

353 5 .4 7 259 258 1.74 1859 1885

354 6 .37 301 278 2.03 1820 1806

355 6 .63 313 298 2.11 1811 1786

356 6 .79 320 317 2.15 1672 1741

357 7 .56 357 32 7 1.71 2041 1935

358 8 .1 0 382 377 1.83 1721 1824

359 8 .9 6 42 3 417 2.03 1742 1783

360 9 .5 3 450 437 2.15 1673 1738

__——-...*

361

352

363

364

9 .1 5

11.01

13 .42

1 3 .5 6

4 31 

520 

634 

640

42 6 

516 

596 

556

1.51 

1.83 

2.23 

2.25

2202 

2181 

2096 

19 34

2020

1923

1812

1772

.. — l._—■ .i—
2056

1950

1867

1810

365

366

367

368

10 .125  

12 .32 

14 .35  

14 .92

478

582

678

704

447

536

655

674

1.42

1.72

2.01

2.09

2229 

2191 

2144 

19 64



n 235
TABLE - Al -23 (contd.)

Serial 

No.
- , A  -1/3I") (x ) Re ̂  Re ̂ fc

“  Ref ^ 3

Mean
Nusselt
Number

(Nu)

Condensation
Number

(Cv }

X10"13

i _2 , 3 j
f t  g * f

(0) (13) (14) (15) (16) (17)

353 .0 .3 0  4 109 0.195 434 1.72

354 0 .298 127 0.186 425 1.45

355 0 .2 9 7 133 0.183 42 3 1.38

356 0 .2  74 136 0.182 391 1.25

357 0 .3 34 108 0.197 679 2.10

358' 0 .282 115 0.193 572 1.66

359 0 .2 8 5 128 0.186 579 1.52

360 0 .2  74 136 0.182 566 1.37

361 0 .351 95 0*205 991 2.58

362 0 .3 5 7 114 0.192 982 2.12

363 0. 34 3 139 0.181 943 1.67

364 0 .3 1 7 141 0.180 . 871 . 1.53

365 0 .3 6 5 90 0.207 1181 2.95

365 0 .358 109 0.194 1161 2 .38

367 0 .351 127 0.184 1136 2.00



2 3 6

Serial Coolant Cone Average Coolant Avg. Avg.
No. Rate Angle Temperature Wall Conden- £  Tf =

L i t /h r .  (0) , nlet 0utlet AT Temp sate

(Kg/hr) deg . <Ti> < V  ' emP- ^

TABLE - Al-24

LIQU ID  SYSTEM = CARBON - TETRA - CHLORIDE

TYPE OF CONDENSER = CONVERGING CONE SECTION

VAPOUR TEMP. (T ) = 76.75°C

X °C "C -c

(o) Ti) (2) ~T3) W (5) rs)

369 .- 100 (98 .807)  ■ 49.8 51.8 2.0 64.0 72 6 .375

370 200 (197 .614)
5°

50.0 51.1 1.1 62.0 72 7.550

371 300 (296 .421) 50.0 50.8 0.8 61.0 70 7.875

372 400 (395 .228) 50,0 50.6 0.6 60.0 70 8 .375

373 100 (98 .807) 50.0 52.4 2.4 65.0 73 5 .875

374 200 (197 .614)
10°

50.2 51.6 1.4 63.0 71 6 .875

375 300 (296 .421 ) 50.0 51.0 1.0 62.0 71 7.550

376 400 (395 .228) 50.4 51.2 0.8 60.0 70 8. 375

377 1 0 0 (9 8 .8 0 7 )

378 200 (197 .614)

379 300 (296 .421)

380 400 (395 .228)

15'

381 100 (98 .807 )

382 200 (197 .614 )

383 300 (296 .421 )

384 400 (395 .2  28)

19<

49.2 53.0 3.8 65.0 73 5 .875

50.0 52.0 2.0 63.0 72 6 .875

50.0 51 o 5 1.5 62.0 72 7.550

50.2 51.4 1.2 60.0 70 8 .375

50.0 5 3 .S 3.8 68.0 74 4 .375

50.2 52.4 2.2 65.0 73 5.875

1 6 64.0 71 6.375
50.2 51 «o

50.0 51.2 1.2 63.0 71 6 .875



TABLE - Al-24 (contd.)

2 3 7

Serial Average Heat - Heat - Heat - 
Wo. C-onden- Released Received Flux (q) 

by vapour by
Coolant

sate
Rate

h- h.
lc Expt. Theo-

XI0
Kcal Kcal

k g /hr  Kcal /hr  Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (3) (9) (10) (11) (12)

369 4 .4 5 210 198 1.41 2216 2076

370 5 *01 237 217 Is  59 2112 1990

371 5 „ 21 246 237 . 1.66 202 5 1969

372 5 .22 247 237 1.66 1985 1939

373 5 .6 7 2 68 237

COoo 2184

374 6 .40 303 277 1.45 2110

375 7 .0 3 335 297 1.60 2124

376 7 .03 335 316 1.60 1915

377 7 .99 378 375 1.33 2267

378 8 .4 0 397 395 1.39 2029

379 9 .5 6 452 445
1.56 2103

1.68 2005
380 10 .125 478 4 /

..ii.
11. ——

1.12
2561

381 8 .0 1 378 376

382 9 .4 5 446 435
1.32 2250

383 10 .03 474 474
1.40 2204

1.40
2044

384 10 .03 474 474 _________ ___

2115

2033

1986

1936

2101

2021

1974

1923

2259

209S

2056

2017



2 3 3

TABLE - Al-24 (contd.)

Serial _  , , 1 / 3  i ^ Mean Condensation
No. h- (—5--- 7 ) Re4; Ref - -— ~rr~rr Nusselt Number

ft  g k i  r Re> Number (C )
£ im) v 1 .

xio"-10 . . . .

~nn : nry  (14) a-si 1 n it - '  (17 )- ~

-- ---, 2 ---- -------- -------

373 0 .3 58

377 0 .3 71  83

37g 0 .332  87 0.211

379 0 . 3 4 4  99 0.202

380 0 .3 2 8  105 °-198

381 0 .4 1 9

382 0 . 3  69

rj-] 0*2^3

o, 0.2,12, l l 93

pQ 0 • 207
383 0*361

384 0 .3 3 5  89 0 ‘ 207

,369 0 .3 6 3  89 0.209 518 2.53

370 0 .3 4 6  100 0.201 493 2.13

371 0 .3 3 2  104 0.198 473 2,. 04

372 0 .3 2 5  104 0.198 464 1.92

81 0.216 726 2.99

374 0 .3 4  6 91 0.208 702 2.56

375 0 .3 48  101 0.202 706 2.33

376 0 .314  101 0.202 634 2.10

o0.214 1020 3.0

913 2 .59

947 2 .36

903 2 . 1 2

1357 *-29

3.19 

2.941168

1 0 8 3  2 * 7 3



2 3 9

TABLE - Al-25 

LIQUID SYSTEM = .WATER

TYPE OF CONDENSER = DIVERGING - CONVERGING CONE SECTION 

VAPOUR TEMP. (T ) = 100°C

Serial 

No.

ToT

397

398

399

400

Coolant

Rate
L it /h r

(Kg/hr)

— rn

Cone Average Coolan 
Angle Temperature
(e)

Avg. Avg.
Wall Conden™ A T ^  =

T i j- o • i j- Am Temp, sate
Inlet OuUet Ax (T ^ Tenvo.

CT;) L%)

C
[2) TsT

°c
W

'C
[57 (6)

385 100 (99 .568  ) 29.5 56.0 26.5 80.0 91.0. 10 .0

386 2 00 (1 9 9 .1 3 6 ) 30.0
C 0

44.0 14.0 78.0 90 .0 11.0

387 300 (2 98 .70 )

b
31.0 40.5 9.5 76.0 89.0 12 .0 

14 .0

388 400 (3 98 .2  7) 30.0 38.0 8.0 72.0 8 6 .0

389 1 00 ( 59 . 5 6 8)

390 200 (199 .136 )

391 300 (298 .70 )

392 400 (398 .2  7)

393 100 (99 .568 )

394 200 (199 .136 )

395 300 (298 .70 )

396 400 (398 .27 )

30.0 58.7 28.7 86.0 93.5 7.0

31.0 47.4 16.4 82.0 91.0 9.0

101'
30.0 42.0 12.0 18.0 89.0 11.0

30.0 39.3 9.3 16.5 88 .0 11.75

30.0 64.0 34.0 88.5 94.0 5 .75

30.0 48.5 18,5 86.0 93 .5 7.00

15°
30.0 42.6 12.6 84.0 92.0 8.00

30.0 40. 0 10.0 83.0 91.0 8 .55

100 (99 .568 )  

200 (199 .136 )  

300 (2 98 .70 )  

4 0 0 (3 9 8 .2 7 )

l 9 c

29.5

30.0

30.0  

30.4

64.5 35.0 90.0

49.0 I?-0 63 *5

4 3 .8  13 .8  8 6 . 0

40.9 10-5 8 4 *°

95.5

94.5

92.5

91 .5

5 .00 

5 .75

7.00

8 . 0 0



... 2 4 0
TABLE - Al-25 (contd.)

Serial

No.

Average
Conden­
sate
Rate

Moat - 
Released 
by vapour

Heat -
Received
by

Coolant

Heat - 

Flux (q)

XI0” *

h. . 
idc_ ,

iXpt .
Kcal

^idc
a Theo.
Kcal

kg /hr Kcal/hr Kcal/hr Kcal/hr.m2 hr .m " . °C hr.m2 . °C'

(0) (7) (8) (9) (10) (11) (12) ’

3'8 5 4 .971 2680 2638 9.02 9017 7847

386 5 .251 2830 2787 9.52 8656 7662

337 5. 391 2903 28 37 9.76 8139 7497

388 ' 5 .216 3350 3186 . 11.27 8051 72.14

389 5 .399 2910 2858 6.96 9952 8565

390 6 .359 3427 3266 8.20 9119 80 43

391 7 .0  48 3800 3591 9.09 8271 7 650

392 7 .340 3956 3704 9.47 8061 7485

393 6. 330 3410 3385 6.00 10419 8939

394 6 .873 3703 3684 6.50' 9293 8510

395

396

7 .077

7 .435

3814 

400 7

3764

3983

6.70

7.04

8371

8284

8230 

8 106

— ___ ____ ___—■»-■.

397

398

399

400

6 .6 66

7 .151

7 .753

8 .5 1 9

3592 

385 3 

4178 

4590

3485 

3783 ' 

4122 

4182

5.32

5.71

6.19

6.30

10649

S933

8847

8505

9243 

8925 

8 'c 9 8 

8219



TABLE - Al-25 (contdt)

2 4 1

Serial 

' No*

** /.-c t . 1 /3
n ( 1 ) Re n Re  ̂

f

fc , .. 

= Ref ^

Mean
Nusselt
Number

(n u )

Condensation
Number

(cv )

X10~13

i p2 3
/  f g k f

(0) (13) (14) (15) (16) (17)

385 0 .3 0 6 199 0.160 497 2.57

386 0.2 94 210 0.157 477 2.34-

387 0 .2 7 6 216 0.156 449 2.14

388 0 .273 249 . 0.148 444 1.84

389 0v338 154 0.175 781 4,01

390. 0 .309 181 0.166 716 3*12

391 0 . 2 iJ 1 200 0.160 650 2.56

392 0 .2 7 4 209 0.158 633 2.34

393 0 .354 132 0.184 ' 1108 4 .94

394 0 ,3 1 5 143 0,179 988 4 .06

395 0 .285 147 0.177 890 3.55

396 0 .231 155 0,174 880 3.34

397 0 .3 6 1 117 0,189 1333 5.96

398 0 .3 37 126 0,185 1243 5.13

399 0 .300 136
0.180 1107 4 . 2 6

400 0 .2 8 9 150
0.174 1065 3.72



TABLE - Al-2 6 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER = DlVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP. .(T ) = 100nC

~ 2 4 2

409 100 (99 .225 )  40.5 66,7 26 ' 2 j2 ' °

410 200 (198 .45 )  q 40.0 53.6 13.6 91.0

411 300 (2 9 7 .70 )  40.5 51.2 10.7

412 400 (396 .90 )  40.0 43.6

413 100 (99 .225 )
40.0 66.4

414 2 0 0 (1 9 3 .4 5 )
40.0 53.9

415
19°

300 (297 .70 ) o • o 51.0

416 4 0 0 (3 9 6 .9 0 )
A o 0 ‘x\J • CD • VO

26.4 94.0 

13.9 92.0

Serial 

No.

Coolant
Rate
L it /h r

(Kg/hr)

Cone

Angle
(e)

deg.

Average Coolant 
Temperature

Inlet Outlet AT
m  (rj

Avg.
VJall
Temp.

(T ) 
w

Avg.
Conden­
sate
Temp.

A Tf =

T - T
V

<*c °C °C

2

°C

(0) (2) T T T 147 (5) (6)

401 100 (99 .225 ) 39.5 65.5 26.0 82.0 92 9 .0

402 200 (193 .45 )
5°

40.0 53.0 13.0 81.0 92 9 .5

403 300 (297 .70 ) 40.0 48.7 8.7 79.0 91 10 .5

404 4 0 0 (3 9 6 .9 0 ) 40.5 47.5 7.0 77.0 91 11 .5

405 1 0 0 (9 9 .2 2 5 ) 40.0 63.4 23.4 ' 89.0 94.5 5 .5

406 2 0 0 (1 98 .45 ) 40.0 51.9 11.9 88.0 94.5 6 .0

407 3 0 0 (2 9 7 .7 0 )

10°

40.5 48.8 8.3 86 .0 93.0 7 .0

408' 400 (396 .90 ) 40.0 46.6 6.6 85.0 92.5 7 .5

96.0 / n 4c • w

95.5 4 .5

94.5 5 .5

93.0 7 .0

97.0 3 .0

96.0 4 .0

95.5 5 .0

95.0 5 .5



2 4 3

TABLE - Al-26 (contd.)

Serial

No.

Average

Conden­

sate
Rate

Heat - Heat - 
Released Received 
by vapourby

Coolant

Heat - 
Flux (q) 

-4 '
XI0

h . ,
Tr-̂Tifl-ij'vjO L. •

Kcal

_idcTheo.

Kcal

Kg/hr Kcal /hr Kcal/hr
2

Kcal/hr.m hr.m2 . °C hr.m2 . pC

(0) (7) (s) (9) (10) (11) (12)

401 ■ 4 .971 2680 2 638 9.02 9017 7847

402 5-251 3330 2787 9.52 8656 7662

403 5 .391 290 3 2837 9.76 8139 7497

' 404 (S'* .21 o 3350 3186 11.27 8051 7214

..... , -

405 4 .4 34 2390 2 321 5.72

406 4 .472 2410 2362 5 .77

407 4 .7 7 5 2573 2473 6.16

C
O

o

5 .000 2695 2619 5.45

409 4 .0 7 6 2.627 2 600 4.62

410 5 .0 44 2713 2 698 4.78

411 4 .7 65 32 39 3135 5.69

412 6 .309 3440 3413 6.04

413 4 .3 9 4 2637 2619
Q0

A 1 AX X

415 ■

416

5 .520

6 .509

5 .635

2975

3508

3575

2753

3275

3532

/ /  1 
' JT * -1' -*•

5.21

5.30

10405

9617

8810

8612

11538

106U

10346

8633

130 30 

11025 

10400 

9635

8902

8565

9783

9504

9039

8510

10502

9774

9243

9025



-  2 4 4

TABLE - Al-2 6 (contd.)

Serial _ /t f  ^1/3
Ref Ref

fc
Mean 
Nusselt 
Number 

■(Nu)

Condensation

Number

<Cv>

X1C"13

No. ' ' 2  , y  
f  f g * £ "  Ro '1/3 

^ f

(0) (13) ' (14) (15) (16) (17)

401 0 .3 0 6 196 0.161 497 2.57

402 0 .2 9 4 196 0.161 477 2 .34

403 0 .2  76 197 0.160 449 2 .14

404 0 .273 208 0.158 444 1 .84

- —---->--—---—’--

405 0 .3 53 126 0.187 817 5.11

406 0 .3 2 6 127 0.186 755 4 o 60

407 0 .299 136 0.182 692 4.02

1 A 1 0.179 676 3.74

408

409 - 0 .3 92

410 . 0 .3 60

411 0 .3 51

412 0 .2 93

'113 0 .3  56

414 0 .3  74

415 0 .353

416 0 .3 27

102

105

99

133

36

97

114

117

0.200 12 26 7 .09

0 .198 1129 6 .31

0.202 1100 5 .16

0.183 918 4.06

0.206 1631 9 .93

0.200 1330 7 .45

0.188 1302 5 .56

0.186 1206 5.42



TABLE - Al-27 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP. (T ) =: 100°C

Serial" Coolant Cone Average Coolant Avg. Avg.
No. Rate Angle Temperature VJall Conden- =

L i t /h r .  (&) Am 'Tamp, sate
Inlet Outlet A-T ( T  _ T
(T j  (T ) (Twj Temp*

(Kg/hr) deg. 1 o'
v w

2
"C °c °c °c

Tor;— riT--- :— (2 ) ro— — tb ( s j — ■ tey—

417 100 (98 .807 )  49.5 70.0 20.5 88.0 95 .0  6 .0

418

419

420

200 (197 .614 )  50.0 60.5 10.5 86.0 94 .0  7.0
5° '

300 (296 .421)  50.0 57.5 7.5 84.0 93 .0  8 .0

400 (395 .228 )  50.2 56.2 6.0 82.0 91.0  -.0

421 100 (98 .807 )

422 200 (197 .614)

423 300 (296 .421)

424 400 (395 .228)

425 100 (98 .807 )

426 200 (197 .614)  

427, 300 (296 .421 )  

428 400 (395 .228 )

429 100 (98 .806 )

430 200 (197 .614)

431 300 (296 .421)

432 400 (395 .228 )

-----—--

50.0 73.6 23.6 91,0 95.5 4.5

50.0 62.6 12.6 90.0 95.0 5.0

10°
51.0 59.5 8.5 88.0 94.5 6 .0

50.0 56.6. 6.6 86.0 93.0 , 6 .5

50.0 73.8 23.8 94.0 97.0 3.0

50.0 63.0 13.0 93.0 96.5 3.5

15°
50.0 58.7 8.7 92.0 96.0 4.0

50.0 56.6 6.6 91.0 95.0 4.5

— -------

49.5 73.5 24.0 95.5 98 .5 2.25

50.0 63.6 13.6 94.0 97,5 3.0

19° 50.2 59.4 9,2 93.0 97.0 3 .5

50.0 57.2 7-2 92.0 96.0 4.0



2 4 6

TABLE Al-27 (contd.)

h
Serial Average Heat - Heat - Heat -
■No. Conden- Released Received Flux (q)

sate by vapour by vin" 4
Rate Coolant  ̂ Kcal

kg /hr  Kcal /hr  Kcal/hr Kcal/hr .m hr.m2 . °C hr.m2 .°C

idcExpt. ld°Theo 

Kcal

(0) (7) (8) (9) . (10) (11) (12)

417 3 .8 5 9 2079 2023 6.99 11659 8916

418 3 .9 53 2133 2075 7.18 10253 8579

419 4 .362 2350 2223 7 . SI . 9884 8297

420 4 .4 72 2410 2 371 8.10 9010 8056

421 4 .452 2400 2332 5.75 .12769 9566

42 2 4 .631 2496 2490 5.98 11970 9317

423 4 .74  5 2557 2519 6.12 10203 8902

424 4 .921 2652 2 608 6.35 9768 872 5

425 4 .3 72 ,2356 2351 4.14 13797 10518

426 4 .8 7 6 2628 2569 4,62 13191 10120

427 4 .9 4 3 2663 2578 4,68 11696 9788

428 4 .982 2685 2608
4.72 10482 9504

- 429 4.42.3 2384 2371

430 5 .0 3 6 2714 2 688

431 5 .3 0 8 2860 2727

432 5 .3 08 2860 2846

3,53 15707 11286

4,02 13411 10502

4.24 12113 10105

4.24 10598 9773



TABLE - Al-27 (contd.)

Serial _  , A f  1 /3  , .c Mean Condensation
No. h. (—~ 5—) Re,- Ref = — Nusselt Number 

f'f ® ^ef Number (Cv )

430

m )

0.455

429 0 .5 3 3  78 °-217

0.208 1679

oi oo 0.205
x31 0 .411  93

a o n q 0 • 20 5
l32 0 .3 5 9  93

1327

-13
X10

(0) (13) (14) (15) (16) (17)

417 0 .3 9 6  154 0.174 643 4 .29

418 0 .343  158 0.173 566 3.67 

41S 0 .3 3 5  174 0.167 545 3.21

420 0 .3 0 6  179 0.166 497 2.86

421 0 .4 3 3  127 0.187 1003 6.25

422 0 .4 0 6  132 0.184 940 5.52

423 0 . 3 4 6  135 0.183 801 4.68

424 0 .3 32 14 0 0.181 767 4.32

425 0 .4 68  91 0.208 1467 9 .46

426 0 .448  101 0.201 1402 8 .11

427 0 .397 103 0.19* 124j

428 0 . 3 5 6  104 0.198

7.09

1113 6.31

1 9 6 6  1 3 . 2 ‘i

9.93

.516 8 *51

7.45



O / c
I. ‘1 '

TABLE - Al-28 

LIQUID SYSTEM = ETHYL ACETATE

TYPE OP CONDENSER = DIVERGING-CONVERGING COME SECTION

VAPOUR TEMP. (T ) =
V = 77.1° C

Serial

No.

Coolant
Rate
L it /h r .

(Kg/hr)

Cone
Angle

(0)

deg.

Average Coolant 
Temperature

Inlet Outlet AT

( T j  (T )
J- c 

“C

Avg.
VJall
Temp.

< V

°C

Avg. 
Conden­
sate 
Temp.

°C

4 T f =

T - T 
v w

2
°C

W) ~Tl) (3)

5.0 

2.7

2.0 

1.5

(4) CsT ~ (6)

433

434

435

436

100 (99 .568 )  

200 (199.136) 

300 (298.70)  

400 (398 .27)

5°

29.5

30.0

30.0

30.0

34.5 

32.7 

32.0

31.5

58.0 

55.5

51.0

49.0

70

68

66

65

9.55

10.80

13.05

14.05

437 100 (99 .568 ) 29.8 36.8 7.0 61.0 71 8 .05

438 200 (199.136) 30.0 33.8 3.8 59.0 69.5 9.05

10°
439 300 (298.70) 30.0 32.6 2.6 55.5 68 10.8

440 400 (398 .27 ) 30.2 32.4 2.2 53.5 67 11 .8

441 100 (99 .568) 30.5 38.5 8.0 64.0 72 6.55

442 200 (199 .136 ) 30.0 34.1 4.1 62.0 71 7.55

443 300 (298 .70)

15°
30.0 33.0 3.0 60.0 69 3 .55

444 400 (3 98 .2  7) 30.0 32.4 2.4 57.5 68 7.80

445 .. 1 00 (99 .568 ) ■29.5 38.3 8.8 65.0 73 6.05

446 200 (199 ,136 ) 30.0 34.9 4.9 63.0 72 7.05

44-7 300 (298 .70 )
19°

30.0 33.8 3.8 61.0 71 8 .05

448 4 00 (398 .27 ) 30.2 33.2 3.0 59.0 70 9.05



2 4 3

TABLE - Al-28 (contd.)

445 1 1 .09 946 876 1.40

446 11 .68 1000 978 1.48

447 13 .31 1140 1135 1.69

448 14 .16 1213 1194 1.80

Serial

No*

Average
Conden­
sate
Rate

Heat - 

Released 
by vapour

Heat -

Received
by

Coolant

Heat - 
Flux (q)

XI0" 4
" ldcExpt.

Kcal

h.
idc„, 

Theo.

.. Kcal

kg /hr Kcal/hr Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12) -

433 9.55 521 498 1.75 1832 1765

434 10 .80 541 537 1.82 1685 1711

435 13 .05 603 597 2 .03 1554 1632

436 14 .05 603 597 2.03 1444 1603

437 8 .2 1 7 ' 705 697 1.68 2096 1839

438 8 .8 7 4 760 757 1.82 2010 1786

439 9 .3 1 0 797 776 1,91 1767 1709

440 10 .240 877 876 2.10 1779 1671

441 9 .5 7 6 820 796 1.44 2199 1924

442 1 0 .310 884 816 1,55 2057 1857

443 11 .00 943 896 1.66 1937 1800

444 11 .68 1000 955 1.76 1792 1740

2317

2103

2099

1986

1959

1886

1825

1772



2 5 0

TABLE - Al-28 (contd.)

2
Serial _  /c f 1/3  , f Mean Condensation
No, h. (~o---“o') Re^ = -~r~ Nusselt Number
u* x i £ t 1/ 3 , /̂ , \

r a Re4- Number (C )
J f ' 1 f v 1 -a

(Nu) xio

(0 ) (13) (14) (15) (16) (17)

433

434 

.435

436 0 .1 9 6

0 .249 396 .0.127 398 1.59

0 .2  29 448 0.12 2 3 66 1.40

0 .211  5 41 0.114 338 1.16

583 0.112 314 1.08

437 0 .2 8 5  243 0.151 648 2.06

438 0 .2 7 3  252 0.147 622 1.83 

■439 0 .2 40  276 0.144
547 1.53

440 0 .242  303 0.140 550 1--0

441 0 .2 99  207

442. 0 .2 7 9  223

443 0 .2 6 3  238

444 0 .2 4 4  2 52

445 0 .3 15  . 202

446 0 .2 8 5  213

447 0 .2 8 5  242

448 0 .2  70 2 58



251

TABLE - Al-29 

LIQUID SYSTEM =. ETHYL-ACETATE

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP. (Tv ) = 77.1°C

S^Hal’Coolant 

No. Rate
L it /hr .

(Kg/hr)

Cone Average Coolant Avg. Avg. 
Angle Temperature Wall Conden-

(0) Inlet Outlet AT  TemP*
(m i Temp.

(T ) lm ' (T-(T ) 
o

w

A T f =

T - T
V w

°C °C °C

l o r " " ..TO JT) (3) {4-1 (5) f6)

449 100 (99 .225) 40.0 44.0 4.0 62.0 71 7.55

450 200 (198 .45 ) 40.5 42.8 2.3 50.0 70 8 .55

5°

451 300 (297 .70 ) 40.0 41.6 1.6 58.0 70 9.55

452 400 (396 .90 ) 40.2 41.6 1.4 53.5 66.5 11.80

453 100 (99 .225) 40.0 45.0 5.0 66.0 73 5.55

454 200 (198 .45 ) 40.0 43.0 3.0 64.0 72 6 .55

455 300 (297 .70 )

10°
40.0 42.0 2.0 63.0 70 7 .05

456 400 (396 .90) 40.0 42.0 2.0 59.0 69 9 .05

457 100 (99 .225) 39.5 46.1 6.6 68 74 4.55

453 2 0 0 (1 98 .45 ) 40.0 43.4 3 .4 66.0 72 5 .55

459 3 00 (297 .70 )

15°
40.0 42.6 2.6 65.0 72 6 .05

460 400 (396 .90 ) 40.0 42.1 2.1 62.0 71 7.55

461

452

463

464

100 (99 .225)  

200 (198 .45 )  

300 (297 .70 )  

4 0 0 (3 9 6 .9 0 )

19°

40.2, 47.0 6.3 70.0 74

40.0 43.7 3 .7 68.0 73

40.0 43.2 3.2 66.0 72

40.0 42 .6 2.6 64.0 71

3 .55

4.55

5 .55

6 .55



.  2 5 2

TABLE - A1 -29 1I contd.)

Serial

No’.

Average
Conden­
sate
Rate

rieat ~ Heat «■ Heat — 
Released Received Flux.(q) 
by vapour by

Coolant X10"4

h .
idc„ , 

Expt.

' Kcal

h . , 
ide™ 

Theo.

Kcal

Kg/hr K cal /hr Kcal/hr
2

Kcal/hr.m hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

449 7 .55 421 397 1.42 1876 1872

450 8 .5 5 171 456- ■ 1.58 1853 1814

451 9 .5 5 513 476 1.73 1807 1765

452 11 .80 561 555 1.89 1603 1674

453 6 .28 537 496 1. 28 2316 2018

454 7 .12 610 595 1. 46 2229 1936

455 7 .3 9 633 595 1.52 2149 1901

456 9 . 3 7 4 801 734 1.92 2119 1786

457 7 .65 655 654 1.15 2529 2107

458 8 .5 3 731 675 1.28 2314 2006

459 9 .0 55 776 774 1.36 2253 1963

460 9 . 788 8 39 834 1.47 1952 1857

__ — --- ----

461

462

463

464

7 .92

9 .4 4  

11 .28  

12 .32

679 

810 

966 

105 6

675

734

952

1032

1.00 

1.20 

1. 4-3 

1.56

2835

2639

2580

2389

2239

2105

2002

1921

.— ........ .... ---- —



2 5 3

TABLE - Al-29 (contd,)

Serial - , Si 1/3 ( ^ Mean Condensation
No. h, (—5-—'—-r~) Ref Ref = ---T-p? Nusselt#G. Number

1  f  f  g  k f  R e f  ( n S )  {C v }

x i o " 13

(0 ) (13) (14) (15) (16) (17)

449 0 .255 313 0.137 407 2.00

450 0 .2 52 35 5 0.132 403 1.77

451 0 .2 4 5  396 0.127 392 1.5S

452 0 .2 1 8  490 0.118 348 1.28

453 0 .3 1 5  186 0.164 717 2.98

454 0 .303 211 0.158 690 2.53

455 0 .292 219

456 0 .2 8 8  2 77 0.144

0.156 665 2.35

656 1.83

n 1 -in 1 0 5 9  3 . 6 8
457 0 . 3 4 4  1 6 5  0 . 1 / 0

453 0 .3 1 5  134 0.164 969 3 . 0 1

r, - si 944 2 .76
459 0 .306 196 O*161

n 157 818
460 0 .2 6 5  211 ° * lb/

461 0 .3 8 5  146

462 0 .3 59  I 72

453 0 .350 205 

464 0 .3 25  224

0.176 I 398

0.167 I 301

0.157 I 273

0.153 I 178

2 . 2 2

4 . 9 5

3.86

3 . 1 6

2.68



TABLE - Al-30 

LIQUID SYSTEM = STHYL-ACETATE

TYPE 01' CONDENSER = DIVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP. (Tv ) = 77.1°C

.  2 5 4

Serial Coolant Cone Average Coolant Avg. Avg.
No, Rate Angle Temperature Wall Conden- AT.

L i t /h r .  (0) Inlet Qutlet AT Temp, sate

(kg/hr) deg. (T') (T )
(T ) Temp. T - T

w v w

(0) W ) (2 )

465 100 (98 .807)

466 200 (197 .614)
5°

467 300 (296 .421 )

468 400 (395 .228)

469 100 (98 .307)

470 200 (197 .614 )

471 300 (296 .421)
1 0 °

472 400 (395 .228 )

473 100 (98 .807)

474 200  (190 .614 )
15c

. 475 300 (296 .421)

476 4-00 (395 .228 )

477 100 (98 .807 )

478 2 0 0 (1 9 7 .6 1 4 )
1 9 °

479 3 0 0 (2 96 .42 1 )

OC
O

4 0 0 (3 9 5 .2 2 8 )

°C 0 C °C °C

' T3“j.. 14)“ " ~ ~(5*) “ “ (6 )

50.0 53.1 3.1 67.0 72 .0 5.05

50.4 52.0 1 .6 65.0 71.0 6 .05

50.0 51,2 1 .2 63.0 70.0 7.05

50.0 51.0 1 .0 62.0 70.0 7.55

49.5 53.3 3.3 69.0

50.0 52.0 2 .0  68 .0

50.0 51.8 1 .8  6 6 .0

50.0 51.4 1.4 65.0

74 4 .05

73 4 .55  

72 5.55 

71 6 .05

75 3.05

74 4 .05

50.0 ' 55.1 5.1 71.0

50.2 53.1 2.9 69.0

50.2 52.6 2.4 66.0 72 5 .55

50.0 52.0 2.0 65.0 72 6 .05

50
, 2 55.5 5.3  72.0

50.5
5 3 . 5  3.0 70.0

r- rs / ? 4 68.05 0 . 0  52.4

n  n 0 67.050.0 52.0 -.J

75 2 .55

74 3 .55

73 4 .55

72 5 .05



„  2

TABLE - Al-30 (contd.)

Serial Average 
No, Conden­

sate 
Rate

kg /hr

Heat - Heat - 
Released Received 
by vapour by

Coolant

Kc a 1/h r Kcal/hr

Heat - 
Flux (q)

-4
X10

2
Kcal/hr .m

h .
idc„ , 

Expt.

Kcal __

hr.m2 . °C

h . ,
idcrn, 

Tneo .

Kcal

hr.m2 .°C

(0) (7) (8) (9) (10) (11) (12)
-- --- ----- ---— ----- „--... ....— ■— — — — ------------—

465 5 .0 5 331 306 1.11 2212 2070

466 6 .05 345 316 1.16 1924 1978

467 7 .05 381 355 -1.28 1818 1904

4-63 ■7.55 40 3 395 1.36 1796 1872

469 4 .80  5 411 375 0.98 2436 2184

470 5. 367 4 61 395 1.10 2.425 2121

471 6 .2 50 5 35 533 1.28 2307 2018

472 6 .5 5 7 561 553 1.34 2220 1975

473 6 .220 ■ 533 504 0.94 3070 2329

474 7 .230 62.0 573 1.09 2 689 2170

475

476

8 .5 7 4

9 .2 40

760

792

711

750

1.33

1.39

2405. 

2 299

2005

1963

477 6 .9 3 0 594 523 U .oo

1.04 2940 2 2 39

478 8 .2 1 7 704 592
2105

479 8 .8  70 760 711
1.12

2476

480 9 .2 4 0 792 750 1.17
232,4 2050

m
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TABLE - Al-30 (contd.)

1/3

2. 1-3
f t  g k f

Re j— Re i
fc

(0 )

465

'466

467

468

469

470

471

472

473

474

475

476

477 

*±78

479

480

Mean Condensation

1 /o Nusselt Number 
Ref ' Number (C )

(Nu) V ..
X I0

(13) 

0 .301  

0 .261  

0 .2 4 7  

0 .244

0 .3  31 

0 .3 2 9  

0 .3 1 4  

0 .302

0 .417 

0 .365 

0 .327  

0 .313

0 .4 6 9  

0 .3 9 9  

0 .3  37 

0 .3 1 6

(14)

209

251

293

313

142 

159 

IS 5 

194

135

156

192

200

127

150

161

168

(15)

0.157

0.148

0.141

0.137

(16)

481

418

395

390

0.179.

0.173

0.165

0 . 1 6 2

0.182 

0.174 

0.162 

0.160

754

750

714

687

1286

1126

1007

963

(17)

2.54

2.50

2.15

2 . 0 0

4.09 

3.64 

2 .98 

2 .74

5.49

4.13

3.13 

2.76

0.184 1703

0,174 I 450

0.3.70 I 221

0.168 3.146

6.88 

4.95 

3 .86  

3.48
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TABLE - Al-31

LIQUID SYSTEM = ETHYL ALCOHOL

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP.(Tv ) = 7 8 . 3 ° C

Serial Coolant 

No. Rate
L it /h r .

(Kg/hr)

Cone Average Coolant Avg. Avg. 
Angle Temperature Wall Conden-

<6> Inlet Outlet A t

W

l o T “  ( I T  _ _

481 100 (99 .568)

482 200 (199 .136)  

48 3 3 0 0 ( 2 98 . 70) 

484 400 (398 .27)

deg .

T f r

(T*) (T

5°

29.5 36.3.

30.2 ' 33.8

30.0. 32.4

30.0 31.8

485

486

487

488

489

490

491

492

493

494

495

496

1 0 0 (9 9 .5 60 )  

2 0 0 (1 9 9 .1 3 6 )  

300 (298 .70 )  

4 0 0 (3 9 8 .2 7 )

1 0 ‘

30.0 

30.5

30.0

30.0

1 0 0 (9 9 .5 6 8 )  

2 0 0 (1 9 9 .1 3 6 )  

300 (298 .70 )  

400 (398 .27 )

1 0 0 (9 9 .5 6 8 )  

2 0 0 (1 9 9 .1 3 6 )  

300 (298 .70 )  

400 (398 .27 )

15'

19°

29.5

30.0

30.0

30.0

29.5

30.0

30.0 

30.2

37.3

34.5 

32.8

32.1

37.5

34.5

33.2

32.4

38.0

35.0

33.4 

32.7

T - T 
V w

2
°C

‘ T il (5) "76)

6.8 53.5 68 12.40

3.6 51.0 67 13.65

2.4' 49.5 66 14.40

1.8 47.5 65 15.40

7.3 60.0 70 9 .15

4.0 58.0 69 10.15

2.8 56.0 69 11.15

2.1 54.0 67.5 12.15

8.0 64.0 72 7.15

L
D• 6 2 .0 71 8 .1 5

C
N
]•

CO 60.0 70 9 .15

2.4 58.0 70 10.15

8.5 66 .0 74 6 .15

5.0 64.0 72 7 .15

3.4 62.0 72 8 .15

2.5 60.0 71 9 .15



2 5 8

TABLE - Al-31 (contd.)

Serial

ftoi.

Average
Conden­

Heat - 

Released
Heat - 
deceived

Heat - 
Flux, (q)

h . ,

1 CExpt.
h . , 

idcm, 
Theo-

sate

Rate

by vapour by
Coolant

-4
XI0 Kcal Kcal

kg /hr Kcal /hr Kcal/hr Kcal/hr.m2 hr.m2 . ° C . hr.m*'. °C

(0) (7) (8) (9) (10) (11) (12)

48.1 3 .2 4 6 681 677 2.29 1847 1450

482 3 .435 721 717 2.43 1777 1416

483 3 .503 735 717 2.47 1717 1397

t-T
-̂

C
D 3 ,562 748 717 2.52 1635 1374

485 3 .4 6 9 728 727 1.74 1905 1562

' 486 3 .8 18 801 796 1.92 1889 1522

487 4 .0 06 841 836 2.01 1805 1487

488 4 .0 0  6 841 836 2.01 1657 1455

.______ — ——•—

489

490

491

492

3 .805

4 .2 8 1

3 .194

4 .5 6 8

299

899

959

959

797

896

956

956

1.41

1.58

1.68

1.68

1963 

. 1937 

1841 

1659

1651

1598

1552

1513

493

494

495

496

4 .0  52

4 .0 08

4 .9 2 4

4 .9 2 4

850

1010

1034

1034

846

996

1015

996

1.26

1.50

1.53

1.53

2049

2092

1881

1675

1712

1649

15.95

1550.



2 5 9

TABLE - Al-31 (contd.)

Serial ~ A ±  
No. h, (

1/3

(0 )

481'

482

483

485

486

487

488

489

490

491

492

493

494

495

496

a2 i 3 
f t  g

fc

(13)

0 .4 7 9

0 .462

0 .4 4 6

0.42.5

0 .4 9 5

0 .4 9 0

0 .4 6 9

0 .4 31

0 .510  

0 .503 

0 .478 

0 .4 31

0 .532  

0 .5 4 4  

0 .488 

0 .4 3 5

(14)

78

82

84

85

59

65

68

68

47

53

40

57

43

51

52 

52

Mean Condensation 
Nusselt Number 

Ref Number (C )
(Nu)

X10“ 1J

(15)

0.259

0.249

0.273

0.243

(16)

0.218 466

0.215 448

0.213 433

0.212 412

0.2 41 684

0.233 678

0.229 648

0.229 595

954

942

895

807

(17)

1 .20 

1.08 

1.03 

0.96

1.94

1.76

1.59

1.46

2.51

2 . 2 0

1.96

1.77

3.06

2.64

2.31

2.06



260

TABLE - Al-32 

LIQUID SYSTEM = ETHYL - ALCOHOL

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION 

VAPOUR TEMP. (Tv ) = 78.3°C

Serial C o o l a n t ' Cone Average Coolant Avg. Avg,

No.

501 100 (59 .225 )  40 *° 46 ,5

502 200 (193 .45 )  4 0 *5 44 ,0
1 0 °

503 300 (297 .70 )  4°*°  42 ,4

504 400 (396 .90 )  40.0. 42.2

505 100  (99 .225 )  40 ‘ ° 4 6 *8

506 200 (198 .45 )  40.5 44.3

15°

507 300 (2 9 7 .7 0 ) )  40*° 4 2 *8

508 400 (396 .90 )  4 0 ,0  4 2 *4

7.0 69.0 75

512 400 (396 .90 )  40 ,0  42 *

Rate Angle Temperature VJall conden- -

L it /h r .  (0) Inlet 0utlet ^T ■ Tv - T

(Kg/hr) deg. (Tj) (Tq) “ ~2

°C °c _ ,°c_

-m — j x r ---— on---- rs m ____rer

497 100  (99 .225)  40.0 45.5

498 200 (198 .45 )  40.0 43.0

499 300 (297 .70 )  40.0  42.2

500 400 (396 .90 )  40.5 42.3

5.5 58.0 70 10.15

3.0 56.0 69 11.15

2 .2 54.0 68 12.15

1 .8 51.0 66 13.65

6.5 64.0 72 7 .15

3.5 62.0 71 8 .1 5

2 . 4 60.0 70 3 .15

2 .2 53.0 69 10.15

______~———— ---- - 1 1 T~

CO• 6 8 .0 73 5 .15

3.8 6 6 .0 72.5 6 .15

2 .8 64.0 72 7 .15

2.4 62.0 72 8 .15

4 .65

75 5 * 155°9 100 (99 .225 )  3 9 *5 4 6 *5
■1 4 1  68 .0

510 200 ( 1 9 8 . , 5 ) i g . 40.0 4 . .  ^  ^  73

5H  300 (297 .70 )  40 ,0  4 'J *1 n 72 7 .15
2.5 64.0



261

TABLE - Al-32 (contd.)

Serial Average 
No. Conden­

sate 
Rate

Heat - Heat - 

Released Received 
by vapour by

Coolant

Heat - 
Flux (q)

XI0" 4

h. _ 
idc_, . 

Expt.

Kcal

i'ClcTheo ^

Kcal

kg/hr K cal /hr Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

497 2 .838 596 546 2.05 1976 1525

498 3 .050 641 595 2.16 1934 1489

499 3 .150  . 661 655 2.24 1830 1458

500 3 .446 724 715 2.44 1785 1416

501 3 .122 655 645 1.57 2193 1662

502 3 .338 701 695 1.68 2059 1608

503 3 .4 3 6 721 715 1.73 1886 1562

504 4 .173 876 873 2.09 2066 1522

505

506

507

508

3 .2 36

3 .598

3 .991

4 .5 5 6

679 

755 

8 38 

957

675

754

834

952

1.19

1.33

1.47

1.68

2339

2157

2059

2063

1792 

1714 

1651 

1598

_
1836

1789

1712

1649

509

510

511

512

3 .5 74

3 .903

4 .460

4 .731

751

820

937

993

694

813

923

992

l . H

1.22

1.39

1.47

2394

2360

2258

2058



2 8 2

TABLE - Al-32 (contd.)

Serial

No.
A

(0 )

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

1 n  *

(13)

0 .514  

0 .502  

0 .4 7 6  

0 .4 6 3

0.569

0 .535

0 .4 9 0

0 .537

0 .607  

0 .560 

o.ro5 

0 .536

0 .6 2 2

0 .6 13

0 .5 8 6

0 .5 3 4

1/3  ( ■ j. Mean Condensation

Rer Re„ = -~~T7T Nusselt Number
Rev Number (C )

f  (S5) v 13
X10

(14)

68
73

76

83

53

57

58 

71

40 

45 

50 

57

38

41 

47 

50

(15) (16)

0,228 498

0.223 488

0.2 20 462

0.214 450

0.249 787

0*244 739

0.242 667

0.226 742

0.274 1237

0.264 IO49

0.254 1° 01

0.244 1° 03

0.279 1370

0.272 I 3 5 1

0.260 . I 293

0.254 H 7 8

(17)

1.46

1.32

1.21

1.08

2.49

2,18

1.94

1.75

3.48

2.92

2.51

2 .2 0

4.05 

3 .66

3.06 

2 .64



2 6 3

TABLE - AK33 

LIQUID SYSTEM = E.THY■ ALCOHOL

TYPE OF CONDENSER - DIVERGING-CONVERGING CONE SECTION 

VA POUR TEMP. (T ) = 78 .3 0 C

Serial Coolant

No. ' Rate
Lit /h r

(Kg/hr)

10J__

51 3 .

514

515

516

517

518

519

520

525

526

527

528

Cone Average Coolant Avg. Avg.
Angle Temperature VJall Conden- A Tf =

(©■) j_•) , Am Temp, sate
Outlet _ (iji ) Temp. T - T

(Ti ) , (T ) w 
1 o

( 1 ) _______

1.00 (98 .807)

200 (197 .614 )

300 (296 .421)

400 (3 95 .2  28)

deg.

T iT -

521 100 (98 .807 )

522 200 (197 .614 )

523 300 (296 .421 )

524 400 (395 .228 )

100 (98 .807 )  

200 (197 .614 )  

30 0 (296 .421 )  

400 (395 .228 )

15°

19 ‘

°C

TsT"
50.0 54.2 4.2

50.0 52.4 2.4

50.0 51.3 1.8

50.0 51.4 1.4

100 (98 .807)

200 (197 .614 )
10 °

300 (2 9 6 .4 2 1 )  *

400 (395 .228 )

50.0 54.8 4.8

50.0 53.4 3.4 

49.8 5.2.2 2.4

50.0 52.0 2.0

50.0 56.0 6.0

51.0 54.6. 3.6

50.0 52.8 2.8

50.0 52.1 2.1

50.0 57.0 7.0 

50 .51 54.5 4.0

50.0 53.0 3.0

50.0 52.3 2.3

°C

1  (4L
65.. 0

63.0

60.0 

59.0

6 8. 0

64.0

62.0 

60.0

69.0

67.0

65.0 

64 . 0

70.0

69.0

67.0

66.0

T sT “

72

71

69

68.5

75

74

73

73

v____ w
2

0 C •

T e T "

6.65

7.65 

9 .15

9 .65

74 5.15

73 7 .15

71 8 .15

70 9 .15

74 4 .65

73 5 .65

72 6 .65

72 7^15

4.15

4 .65 

5 .65

6.15



2 6 4

TABLE - Al-33 (contd.)

517 2 .3 96 50 3 474 1.20

518 3 .2 05 673 672 1.61

519 3.381 710 711 1.70

520 3 .778 793 791 1.90

521 3 .05 641 592 1.13

522 3 .598 756 711
1.33

523 4 .163 875 830
1.54

524 4 .2 97 902 869
1.59

525 3 .527 741 691

52 6 3 .764 791
790

527 4 .281 898
889

528 4 .3 87 921
909

1.09

1.17

1.33

1,36

Serial

No.

Average

Conden­

sate
Rate

Heat - 
Released 
by vapour

Heat -
Received
by

coolant

Heat 
Flux (q).

_4
X10

Expt.

Kcal

ldcTheo.

Kcal

kg/hr Kcal/hr Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

513 1 .999 420 415 1.41 2125 1595

514 2 .2  63 47 5 474 1.60 2089 . 1636

515 2 .5 6 4 539 533 1.81 1982 1565

516 2.. 681 563 553 1.89 1963 1544

2338 1804

2253 1662

2088 1608

2072 1562

2421 1838

2351 1751

2311 1681

2216 1651

2649 1889

2521 1836

2356 1749

22 20 1712



2 6 5

TABLE - Al-33 . (contd.)

Serial

No.

(0)

513

514

515

516

517

518

519

520

521

522

523

524

525 

52 6

527

528

h i (~2

1/3

Ref Ref =
fc

(13) (14)

0 .5 5 2  

0 .5 4 3  

0 .5 1 5  

0 .510

0 .6 0 7

0 .5 8 5

0 .5 4 3

0 .5 3 8

0 .6 2 9

0 .6 1 1

0 .6 0 1

0 ,5 75

0 . 6 8 8
0 .6 5 5

0 .6 1 2

0 .5 7 7

48

54

62

64

41

54

57

64

38

45

52

54

37

40

45

46

Re,

Mean Condensation 
Nusselt Number
Number

(Nu)

(15) (16)

0.257 536

0.247 52 7

0.236 500

0,233 495

0.272 840

0.248 809

0.244 750

0.2 34 744

0.278 1177

0.263 1143

0.251 1124

0.247 1077

0.278 1515

0.271 1443

0.261 1349

0.258 1271

(Cv>

XI0
-13

(17)

2 . 2 2

1.93 

1.62 

1.53

3 .45  

2 .49 

2 .18

1.94

3.86

3 .18

2 .70

2.51

4 .54

4 .05

3 .33

3 .0 7



2 6 6

TABLE - Al-34

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION

VAPOUR TEMP. (T ) = 76.75°C

Serial Coolant 

No. Rate
L i t /h r .

(kg/hr)

~7T)ToT

537

538

539

540

541

542

543

544

Cone Average Coolant Avg. Avg.
Angle Temperature Wall Conden-

<S) Inlet Outlet /5T ?ate
. . . . (T ) Temo.

deg. (Tq) w

°c °c 
T s )”T 2T (3) (4)

529 100 (99 .568 )

530 200 (199 .136)

531 300 (298 .70 )

532 400 (398 .27 )

533 100 (99 .568 )

534 200 (199 .136 )

535 300 (298 .70 )

536 400 (398 .27 )

1 0 '

100 (99 .568 ) 

200 (199 .136) 

300 (298 .70 )  

400 (398 .27 )

15°

& T f =

T -T 
v w

2
°C

(6)

30.0 35.8 5.8 51.0 67 12.875

30.0 33.0 3.0 49.0 66 13.875

29.5 31.5 2.0 47.0 64 14.875

30.0 31.6 1.6 45.0 63 15.875

1 0 0 (9 9 .5 6 8 )  

200 (199 .136 ) 

300 (298 .70 )  

400 (398 .27 )

30.0 37.0 7.0 57.5 69 9 .625

29.8 33.4 3.6 55.5 68 10.625

30.0 32.4 2.4 53.5 67 11.625

30.2 32.2 2 .0 50.0 65 13.375

29.0 37.0 8.0 60.5 70 8 .125

30.0 34.1 4.1 59.0 70 8 .875

30.0 32.8 2.8 56.5 68 10.125

30.5 32.7 2 .2 55.0 67 10.875

30.0 39.2 9.2 62.5 71 7 .125

29.5 34.2 4.7 60.5 70 8 ;i 2 5

30.0 33.4 3.4 59.0 70 . 8 . 8  75

30.0 32 .6 2.6 56.5 69 10.125



2 6 7

TABLE - Al-34 (contd.)

Serial 

No.

Average
Conden­

sate
Rate

Heat - 
Released 
by veipour

Heat -
Received
by

Coolant

Heat -- 
Flux (q)

-4
X10

h. , 
idc„ , 

Expt.

Kcal

h • jidcrnl
Theo.

Kcal

k g /hr Kcal/hr Kcal/hr Kcal/hr,m2 hr.m.2 °C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

529 12 .60 594 '578 2.00 1552 1464

530 12 .81 605 597 2.03 1464 1436

531 13 .18 622 597 2.09 1404 1412

532 13 .58 641 637 2.15 1360 1389

533

534

535

14 .82

16.2.0

16 .80

701

765

793

697

717

717

536 18 .14 857 796

537 18 .30 864 797

538 18 .90 892 816

539 19 .55 921 836

540 2 0 .0 7 951 876

54-1 21 .00 991 916

542 22 .23 1050
936

543 2 2 .68 1071
1016

544 2 2 .68 1071
1036

1.68 

1.83 

1.90 

2.05

1743

1726

1633

1530

1572

1533

1499

1448

1.52

1.57

1.62

1.67

1.47

1.56

1.59

1.59

1868

1765

1598

1536

2061

1916

1789

1568

1628

1593

1542

1515

1680

1626

1591

1540



2 6 3

TABLE - Al-34 (contd.)

—— 2
Serial _  1/3 £ Mean Condensation
No. h .  —---^) Re Re' = — Nusselt Number

fZ. g k j~ f R e N u m b e r  (C„)

f f  f  f  (SS)

535

536

533 0 .2 8 6  2 1 1

537 0 .3 0 6  19°

538 0 .2 8 9  I 96

539 0 .2 62  , 203

540 0 .2 52  209

0.163 

0.161 

0.159

0.158 692

541 0 .3 3 8  I85

542 0 .3 1 4  I97

543 0 .2 9 3  201

544 0 .2 5 7  201

0 .162  IO92

0.159 1° 15

0.158 

0.158 831

XI0

v 
-13

(0 ) (13) (14) (15) (16) (17)

529 0 .2 5 4 252 0.147 3 62 • o o

530 0 .2 39 256 ' 0.147 342 0 .92

531 0 .230 2 64 0,146 328 0 .87

532 0 .2  23 272 0.144 318 0 .81

0.157 580 1 .46

534 0 .2 8 3  231 °*153 574 1 , 3 3

0 .2 6 7  239 0.151 543 1-21

0 .2 5 1  258 0.147 ' 509 1 .05

841 I *80

795 1 .65

7^9 1 .45

1 .35

2 .10

1.84

1 .69

1.48



sria]

No.

Tol

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

2 6 9

TABLE - Al-35

LIQ U ID  SYSTEM = CARBON - TETRA - CHLORIDE

TYPE OF CONDENSER = DIVERGING-CONVERGING CONE SECTION

VAPOUR TEMP. (T ) = 76.75°C

Coolant 

Rate 
Li t /h r .

(Kg/ht)

Cone Average Coolant 
Angle Temperature

^  Inlet Outlet &T

T fT

deg.

“ 12T

100 (99 .225) 

2 0 0 (1 9 8 .4 5 )  

300 (297 .70 )  

400 (396 .90 )

100 (99 .225) 

200 (193 .45 ) 

300 (297 .70 ) 

400 (395 .90 )

10(

100 (99 .225 ) 

200 (198 .45 )  

300 (297-*70) 

400 (396 .90 )

15°

100 (99 .225 ) 

2.00 (198 .45 ) 

300 (297 .70 ) 

400 (396 .90 )

19*

(T|) (Tq) 

°C

Avg. Avg. 
Wall Conden- 
Temp. sate 

(T ) Temp.
W

°C

T3T T il rsT

.39.5 43.5 4.0 60.0

40.0 42.2 2 . 2  58.0

40.0 41.6 1.6 55.5

40.0 41.4 1.4 51.0

70

69

68

65

40.2

40.2

A T f =

T - T 
v W

2
°C

(67

8 .375

9 .375 

10.625 

12,875

44.4 4.4 64.0 72 6 .375

42.6 2 .6 63.0 71 6 .875

42.0 2 .0 61.0 70 7 .875

42.1 1 . 6 59.0 69 8 .875

45.6 5.6 66.5 73 5.125

43.2 3.2 65.0 7:2 5*875

42 .4 2.4 62.5 71 7 .125

42.5 2 . 1 60.5 69 8 .125

46 .5
6.5 68.0 73 4 .375

43.8 3.6 66.0 12 5.375

42.7 2.7 65.0 72 5 .875

42.5' 2.3 62.5 71.5 7 .125



2 7 0

TABLE - Al-35 (contd.)

Serial

Mo.

Average
Conden­
sate
Rate

Heat- Heat - 

Released Received' 
by vapour by

Coolant

Heat, - 

Flux (q)

XI0“ 4

h.
idc„

JiXpt.

.Kcal

h .
idc^,

Theo

Kcal

kg /hr K cal/hr Kcal/hr
9

Kcal/hr .rrT hr,m2 . °C hr.m2 . °<

(0) (7) (8 ) (9) (10) (11) (12 )

545 8 .5 9 0 40 6 ‘ 397 1.37 1631 1630

546 9 .260 4 37 43 6 1.47 1568 1584

547 10 .310 48 7 476 1.64 1545 1536

543 11 .870 561 556 1.89 . 1463 1465

549 10 .690 505 437 1.21 1896 1742

550 11 ,450 541 516 1.29 1880 1710

551 1 2 „600 595 595 1.43 1812 1652

552 13 ,6  60 645 635 1.54 1740 1604

553 . 12 .880 609 559 1.07 2087

554 14 .350 681 635 1.19 2036

555 16 .680 785 715 1.38 1936

556 17 .710 858 833 1.51 1855

557 14 .350 678 645 1.00

CO 
LO 

' 
LO

1 6 .200 765 714 1.13

559 17 .580 830 804
1.23

OLD

19 .890 940 913
1.40

1828

1767

16C3

1629

2297 1899

2109 1804

2096 1764

1955 1681



TABLE - Al-35 (contd.)

Serial - , / * £  ^ / 3  „ , £c Mean Condensatio~
go, ( “ 9---- ^  Ref  Re-p - " 'ij- V /V Nusselt Number

1 f>f g k f " Re. 1/3 Number (C )

; 1 ■ m )  v

(0) (13) (14) (15) (16

545 0 .2 6 7 172 0.168 381

546 0 .2 5 7 185 0.164 366

547 0 .253 206 0.158 361

548 0 .2 3 9 237 0.151 342

549 0 .3 1 0 152 0.175 ' 631

550 0 .3 0 8 163 0.171 . 625

551 0 .2 97 179 0.167 603

552 0 .2 85 194 0.162 579

553 0 .342 134 0.183 940

554 0 .3 3 4 149 0.176 917

555 0 .3 1 7 173 0.168 872

556 0 .3 0 4 184 . 0.164 835

557 0 .3 7 6  127 0.184 1217

558 0 .3 4 6  143 0,177 111

559 0 .3 43  156 0.172

560 0 .320  l 76

(17)

1.54

1.37

1.21

1.00

2 . 21

2.05

1.79

1.59

0.165 1° 36

2.86

2.50

2 .06

1.69

3.43

2.79

2.55

2.10
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TABLE Al-36

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE

TYPE OF CONDENSER - DIVERGING-CONVERGING CONE SECTION

VAPOUR TEMP. (T ) = ' 7 6 .75°C

Serial Coolant 

No. Rate
L it /h r .

(Kg/hr)

Cone

Angle

(6)

deg.

Average Coolant 

Temperature

Inlet Outlet AT
(T *) (T )

1 0

Avg.
Wall
Temp.
(T )

w

Avg. 
Conden­
sate 
Temp.

ATf =

T -T
V

2

loj— 111— ...... “ (27“
°c °c °C

(3) (4) Ts) ~l6)

561 100 ( 98 . 8 0 7) 50.0 53,5 3.5 63.0 70. 6.875

562 200 (197 .614 ) 50.2 52.1 1.9 61.0 69. 7.875

563 3 00 (2 9 6 .4 2 1 )
b

50.2 51.6 1.4 58.0 67,5 9 .375

564 400 (395 .228 ) 50.0 51.1 1.1 55.5 66 . 10.625

565 100 (98. 007) 50,0 53.8 Ou .8 67.0 73 4.87$'

565 200(197 .614) 50.2 52.1 1 .9 66.0 72 5 „ 375”

567 300 (2 96
1 0 °

. 421) 50.0 51.6 1 .6 63.0 71 6.875

568 400(395 .228) 50.0 51.3 1 .3 62.0 70 7.375

569 100 (98. 80 7) 50.0 54.8 4 .8 69.0 74 3.875

570 200 (197 .614) 50.0 52.5 2 .5 68.0 73 4 .375

5?i 300(296 .421) 50.0 51.8 1 .8 66.5 73 5 .125

572 400(395 .228 ) 50,0 51.5 1 * —' 65.0 72 5.875

573 100 (98.:307) 50.0 55 .8 5 .8 70.0 74 3.375

57s ' n m 7 I *7 66,5 72
76 4 0 0 (3 9 5 .2 2 8 )  50*° ____



2 7 3

TABLE - Al-36 (contd.)

Serial Average Heat - Heat - Heat. - - ^

Koi Conden- Released Received Flux (q ) idc t iclcTheo

sate by vapour by XIO” 4
Rate Coolant Kcal Kcal

Kg /hr  K cal/hr  Kcal/hr Kcal/hr.m2 hr.m2 . °C hr.m2 . °C

”Tq) (7) (8) (9) (10) (11) (12)

561 8 .0 7 0 381 346

562 8 .3 1 0 392 375

563 9 .1 40 432 415

564 9 .610 454 434

565 8 .9 3 0 421 375 1

566 8 .9 3 0 421 375 1

567. 10 .900 515 474 ' 1

568 11 .340 536 514 1

569 10 .500 49 5 475

570 11 .280 533 494

571 1 2 .190 574 533

572 13 .180 621 593

— 1 __

573 12 .890 609 573

574 14 .17 5 669 632

575 14 .630 691
652

576 14 .920 705 672

1.28 1865 1712

1.32 1674 1655

1.45 1546 1584

1435 1536

1.00 2.067 1863

1.00 1875 1818

1.23 1793 1710

1.28 1740 1680

.._

0.87 2 2 44 i960

0.94
2140 1902

1.00 1968 1828

1.09
1857 1767

----- ----- *—
----

0 ,90
2675 2026

0.99
2559 1957

1.02
2341 1899

2039 1825



27
TABLE - Al-36 (contd.'

566 0 .3 0 7  127

568 0 .2 8 5  161

569 0 .3 6 7  109

.570 0 .3 5 1  H 7

571 0 .3 2 2  127

572 0 .3 0 4  137

573 0 .4 3 8

574 0 .4 1 9

575 0 .3 8 3

576 0 .3 3 4

Serial 

No.

2

V -  3>

1/3

Re. Re r
• t X

fc Mean
Nusselt
Number

(Nu)

1 /3
Re. ' 

r

(0) (13) (14) (15) (16)

561 0 .3 0 6 161 0.171 436

562. 0 .2  74 166 0.170 391

563 0 .2  53 183 0.164 361

564 0 .2  35 192 0.162 335

0.i9i 963 

0.186 806

114 > 0.191 1418

125
0.185 1356

129
0.184 1241

132
0 .182 1081

Condensati
Number

(Cv }

xio“ 13

(17)

1 .87  

1. 64 

1 .37 

1 .21

565 0 .3 3 8  127 0.187 687 2 .89

0.187 624 2 ,62

567 0 .2 9 4  155 0.175 596 2 .05

0.172 579 1~91

0.195 1010 -’ .78

3 .35  

2.86

36 2 .50

4 .44  

3 .87  

3 .43  

2 *92



TABLE - Al-37 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (Ty ) = 100°C

Si. Coolant 

No. Rate

L i t /h r

(kg/hr)

Area Equi­
valent to 
Diverging or 
Converging 
Cone Section

2
m

( For 9 )

Average Coolant Avg. Avg. 
Temperature Wall Conaen-

Inlet Outlet £T

A T ,

(Ti) (Tq)

Temp, sate
(T ) Temp. 

w

>C

(0) (1 ) (2 ) (3) (4)

577 100 (99 .5 68 )

578 200 (1 9 9 .13 6 )  0 .020884 

.579 300 (298 .70 )  (10°)

580 4 0 0 (3 9 8 .2 7 )

581 100 (99 .5 68 )

582 200 (199 .136 )
0.028460

583 300 (2 9 8 .7 0 )  '

584 400 (398 .27 )

585 100 (99 .5 68 )

586 200 (19 9 .13 6 )  0#0337297

(19°)
587 300 (2 9 ? .70 )

588 400 (398 .27 )

30.0 4-6.5 16^5 

30.2 38.7 8 .5

30.1 36.1 6.0

30.0 34.6 4.6

30.2 50.0 19.8

30.0 40.4 10.4

30.0 37.4 7.4

30.5 36.4 5 .9

30.0 52.5 22.5

30.0 41.8 11.8

30.5 38s7 8 ' 2

30.2 36.4 6.2

78.0

76.0

75.0

73.0

81.0 

80.0 

78.0 

76.0

(5)

91

90

85

88

84.0

82.0 

86-0 
78.0

T -T 
v w
2
°C

(6)

11.0

12.0 

12 .5 

13 .5

93 9 .0

92 10 .0

91 11.0

90 12.0

93 8 .0

93 9 .0

92 10.0

92 11.0
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TABLE - Al-37 (contd.)

Si. Average Heat Heat Heat r Percent
No. Conden- Released Received Flux icy^ icy Enhancement

sate by by (q) . Theo. (Experi-
Rate Vapour Coolant viri-4 „  , T/r , mental)

XI0 . Kcal_________Kcal

kg /hr  K cal /h r  Kcal/hr Kcal/ hr.m2 .°C hr.m2 .°C  div . Con.

i, 2 hr.m

(0) (7) (8) , (9) (19) (11) (12) (13)

577 3 .080 1660 1643 7.95 7226 9043 70 52

578 3 .320 1788 1693 8.56 7135 8849 57 47

579 3 .360 1810 1792 8.67 6933 ' 8759 41 38

580 3 .520 1897 1832. 9.08 6728 8592 44 42

581 3 .7 29 2010 1971 7.06 7847 9508 62 48

582 3 .876 2089 2071 7.34' 7340 9261 54 48

583 4 .1 82 2 254 2210 7.92 7187 9043 43 42

584 4 .4 2  3 .2381 2350 8.37 6972 8848 44 42

585 4 .1 5 7 2241 2 240 . . 6.64 8305 9793 63

586 4 .3 7 3 2357 2 350 6.99 7764 9508 52

587 4 .5 69 2461 2449 7.30 7296 9261 49

588 4 .8 1 5 2594 2469 7*69 6991 9043 47
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TABLE ~ Al-38 

LIQUID SYSTEM = - WATER

TYPE OF CONDENSER = STRAIGHT UIjIFORM TUBE 

VAPOUR TEMP (T ) = ioo°C

Si. Coolant 

No. Rate

Li t /h r  

(kg/hr)

Area Equi- Average Coolant 
valent to Temperature
Diverging or
Converging 0utlet
Cone Section J'i

(To)

Avg.
Wall
Temp, sate
(T ) Temp, 

w
T -T 
v w

m
( For 0)

(0) (1 ) ( 2)

589 100 (99 .225 )

590 200 (198 .45 )

591 300 (297 .70 )

592 400 (396 .90 )

0 ,020884
(10°)

593 1 00 (9 9 .2 2 5 )

594 200 (198 .45 )

595 300 (297 .70 )  (15°)

596 400 (3 96 .90 )

597 1 0 0 (9 9 .2 2 5 )

598 200 (198 .45 )

0 .0337297
599 300 (297 .70 )  (19°)

600 400 (3 9 6 .9 0 )

3C

(3) (4)

41.0 55.4 14.4 88.0

40.5 48.0 7.5 86.0

40.5 45.9 5 .4  84.0

40.0 44.4 4 .4  82.0

40.0 57.5 17.5 88.0

40.5 50.5 10.0 86.0

40.2 47.4 7.2 84.0

40.0 45.6 5 .6  82.0

(5)

40.2 53.7 13.5 83.0 92.0

40.2 47.1 6.9 81.0 91.0 

40,0 45.0 5.0 80.0 90.5  

40.5 44.6 4.1 78.0 89 .0

93.0  

92 .5

92.0

91.0

94

93

92

92

°C

(6)

i.5*

<3 S♦ -J

10 .0  

11.0

6.0
7 .0

8.0 
'9 .0

6.0

7 .0

8.0 
9 .0
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TABLE - Al-38 (contd.)

SI.
No.

Average Heat 
Conden- Released 
sate by 

Rate vapour

Kg/hr  Kcal/hr

Heat

Received
by

Coolant

Kcal/hr

Hoat

'(5) 1C/2xpt.

XI0“ 4 Kcal

Kcal/ hr.m2.°C 
2

nr.m

r
‘‘icy,.,,

Theo.

Kcal 

hr.m". °C

Percent
Enhancement
(v.xperiraonta!

div. Con.

(0) (7) (8) (9) (10) (11) (12) . (13)

589 2 .6 5 1430 1339 6.84 8055 9645 64 58

590 2 .75 1481 1369 7.09 7465 9 380 71 67

591 2.80' 1512 1488 7.24 7240 92 61 74 66

592 3.04. 1638 1627 7.84 7130 904 3 70 67

593 2 .695 1452 1429 5.10 8503 10523 74 73

594 2 .875 1549 1488 5.44 7775 10125 76 64

595 3 .179 1714 1608 6.02 7537 9793 68 65

596 3 .5 03 1888 1746 6.63 7379 9503 68 66

597 3 .303 1779 1736 5.27 8790 1052 3 67 66.5

598 3 .7 0 9 1999 1985 5.92 8466 10124 65 65

599 3 .9 8 9 2149 214 3 6. 37 7964 9792 67 66.5
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TABLE - Al-39 

LIQUID SYSTEM = VJATER

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP (T ) = 100°C

SI,

No.

(0)

Coolant

Rate

L it /h r

(Kg/hr)

(1.)

Area Equi­
valent to 
Diverging or 
Converging 
Cone Section 

2
m

(For 0)

(2)

Average Coolant Avg. Avg.
Temperature Wall Conden-

T 1 0. r, 4-1 4- Am Temp, sate Inlet Outlet <3T \
/ % / \ C J- ) J- emp. 
(T^) (T ) w

601

602

603

604

1Q0' (98 .807 )

200 (197 .614 )
0 .020884 

300 (296 .421 )  (10°)

4 0 0 (3S5 .223 )

°C

(3)

50.0 62.5

50.0 56.8 

50.4 55.0 

50.2 53.6

’C 'C

(4) (5)

12.5 88.0 95 .5

6.8 86.0 92.5

,1.6 84.0 92.0

3.4 82.0 92.0

605

606 

607

609

610 

611 

612

100 (98 .807 )

200 (197 .614 )
0 .02846 

300 (29 6 .42 1 )  (15°)

400 (3 9 5 .22 8 )

100 (98 .8 07 )  

2 0 0 (1 9 7 .6 1 4 )
0.0337297

300 (296 .421 )  

4 0 0 (3 9 5 .2 2 8 )

50.0 63.6

50.0 57.0

50.5 55.5

50.2 54.2

50.0 67.5

50.0 59.1

50.2 56.8

50.0 55.2

T -T 
v w

2

(6)

6.0
7.0

8.0 
9 .0

13.6 92.0 95.5

7.0 90.0 9 5 .0

5.0 88.0 94 .0

4 .0  86.0 94 .0

]_7.5 92.0 96

9.1 89.0 95 

6 .6  88.0  95

5.2 86.0  94

4 .0

5 .0

6.0

7.0

4.0  

5.5

6.0 

7 .0
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TABLE - Al-39 (contd..)

SI.
No.

Average
Conden­

sate
Rate

Kg/hr

He at
Released
by
vapour

Kcal/hr

Heat

Received
by

coolant 

Kc al/hr

Heat 
Flux ■ 

(q)

-4
X10 

Kcal/ 

h r.m2

hiCYExpt.

Kcal 

hr.m2 .°C

h . 
icy

Theo 

Kcal 

hr.m2 . °C

Percent 
Enhancement 

•(Expe r inien ta l)

div. Con.

(0) (7) (8) (9) (10) (11) (12) (13)

601 2 .300 12 40 12 35 5.94 9896 10522 54 49

602 2 .5  65 138 3 1343 6.62 9460 10125 48 44

603 2 .594 1398 1363 6.69 8366 9793 53 43

60S 2 .5 94 1398 IS 4 4 6.69 7438 9508 61 61

605 2 .5 09 1352 1344 4.75 11876 11645 37 26

606 2 .65 4 14 30 1383 5.02 10049 11013 44 36

607 2 . 760 1487 1482 5.22 8708 1052 3 57 41

608 3 .1 3 6 1690 1581 5.94 8488 10125 46 39

509 3 .2  24 1737 1729 5.15 12874 11645 36 2 4

610 3 .521 1897 1798 5.62 10226 10754 58 44

101 49 10523 38 30.5

611 3 .812 2054 1956 6.09

612 3.921 9 113 2055 6.26 8949 10125 46 37
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TABLE - Al-40 

LIQUID SYSTEM = ETHYL ACETATE '

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (T ) = 77 ,13C

Slt Coolant Area Average Coolant Avg. Avg.
Ho. Rate Equivalent Temperature Wall Conden-

to Diverging Inlet Outlet AT Temp, sate
L it /h r  or Converging , , ... , (t ) Tempt, 

(kg/hr) Cone ̂ Section 1 Jo 

rn
(For 0) °C °C °C

(0) ~ "(1 ) ________

613 1 0 0 (9 9 .5 6 8 )

614 200 (] 99 .136 )
0.020884

615 300 (2 9 8 .7 0 )  (10°)

616 400 (393 .27 )

T -T 
v w

°C

T e T”  (4) (5) __________

3^8~ 52.0 67 12.55

1.9 51.0 65 13.05

1.3 47.5 64 14.80

1.0 45.0 62.5  16.05

T 2 T
30.4 34.2

30.0 31.9

30.2 31.5

30.2 31.2

617 100 (99 .568 )

618 200 (199 . 136)
0 .02846  .

619 300 (298 .70 )  (15")

620 400 (398 .27 )

621 1 0 0 (9 9 .5 6 8 )

622 200 (19 9 .13 6 )
0 .0337297

623 300 (2 9 8 .7 0 )  (19°)

624 4 0 0 (3 9 8 .2 7 )

30.4 36.0 5.6 58.0 70 9.55

30.5 . 33.5 3.0 55.5 68 10.80

30.0 32.0 2.0 52.5 67 12.30

30.0 31.6 1.6 49 .5 66 13.80

30.5 36,7 6.2 60.0 70 8 .55

30.0 33.2 3.2 58.0 69 9.55

30.2 32.4 2.2 55.0 67 11,05

30.0 31.8 1.8 52.5 66 12.30
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TABLE - Al-40 (contd.)

Si. Average Heat Heat Heat r _ Percent

Mo* Conden— Released Received Flux icy^ icy™, Enhancement
sate by by (q) rheo-(Experimental) 
Rate vapour Coolant

Yin” 4 Kcal Kcal
Kg/hr  K cal/hr  Kcal/hr 1 2 0„ , 2 0„ n

Kcai/ hr.m , ° l  hr.m . °C div. Con.

i 2 hr.m

(0) (7) (8) (9) (10) (11) (12) (13)

613 4 .35 382 378 1.83 1457 1946 61 58

614 4 .35 382 3 78 1.83 1405 1927 62 58

615 4 .56 402 388 1.92 1300 1857 71 64

616 4 .56 402. 393 1.92 1199 1830 82 82

617 6 . 38 4 561 558 1.97 2064 2.033 16 12

618 6 .843 60 2 597 2.11 1958 2020 19 ■ 13

619 6

\
.872 605 517 2.13 1728 1956 32 25

620 7 .280 641 637 2.25 1632 1900 37 29

621 7 .043 620 617 1.84 2150 2142 19 14.

1.91 1 QQ6 2083 21 13.
622 7 .306 643 637

623 7 .517 661 657 1.96 1773 2009 30 23.

624 3 .182 720 717 2.13 1735 1955 32 21.
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TABLE - Al-41 

LIQUID S/STEM = ETHYL ACETATE 

J.YPE 01' CONDENSER = STRAIGHT UNIFORM TUBE

VAPOUR TEMP. (T ) 
V - 77.I 3C

SI.
No.

Coolant

Rate

■ L it /h r  

(Kg/hr)

Aire a Equi- Average Coolant 

valent to Temperature 
Diverging L 

Converging (1^) ( f 
Cone Section i o

9

Avg. 
VJall 
Temp.

(T ) 
w

Avg. 
Conden­
sate 
Temp.

.A .Tf ~

T -T 
v w

2

m

(For 0) °C °c °C °C

(0) (1) (2) (3) (4) (5) (6)

625 100 (99 .2  25) 4 0.0 43.3 3t 3 57.5 69 9.8

626 200 (193 .45 )
0 .020884

40.0 41.9 1.9 55.5 68 10.8

627 300 (297 .70 ) (10°) 40.2 41.6 1.4 52.0 67 12.55

628 40 0 (396 .90 ) 40.0 41.2 1.2 49.5 54 13.80

629 100 (99 .225) 40.5 44.7 4.2 63.0 70.0 7.05

630

631

200 (198 .45 )  

300 (2 97 .70 )

0 .02846

(15°)

4-0.0

40.0

42.5

41.6

2.5

1.6

60.0

58.0

68.5

68.0

8 .55

9.55

632 400 (396 .90 ) 40.2 41.5 1.3 55.5 66.5 10.8

__——■ --- -

633 100 (99 . 225) 40.0 45.4 5.4 ' 63.0 72 7 .05

634

635

636

200 (198 .45 )  

3 0 0 (2 9 7 .7 0 )  

4 0 0 (3 9 6 .9 0 )

0.0337297

(19°)

40.0

40.2

40.2

43.0

42.2

41.9;

3.0

2.0 

1.7

60.0

58.0

56.5

71

70

69

8 .5 5

9 .55  

10.30
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TABLE - Al-41 (contd.)

S i .  Average Heat Heat Heat c - Percent

No. Conden- Released Received Flux “ icyp ^icy„, Enhancement
sate by by (q )  -xpt. Theo. (Experj__

Rate vapour coolant V1 n- 4__Kcal Kcal mental)

2 2
Kg/hr  K cal /hr  Kcal/hr K cal^hr,m ,0G hr.m .°C div. Con.

hr.m

(0) (7) (3) (9) (10) (11) (12) (13)

625 3 .880 341 327 1.63 1666 2070 64 44

626 4 .320 380 377 1.82 1685 2020 54 39

627 4 .800 42 2 416 2.02 1610 1946 57 37

628 4 .980 476 437 2.28 1523 1900 60 41

629 5 .012 441 417 1.55 2198 2248 29 11

630 5 .6 8  4 501 496 1.76 2059 2142 34 15

631 5 .4  68 481 476 ■1.69 1770 2083 45 28

632 6 .0 39 5 31 516 ' 1.86 172,8 2020 47 24

633 6 .148 541 536 1.60 2275 2247 32 12.

634 6 .821 601 595 1.78 2084 2142 38 20

635 6 .968 613 595 1.82 1903 2083 45 21

636 7 .281 6 41 635 1.90 1845 2044 37 15
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TABLE - Al-42 

LIQUID SYSTEM = ETHYL ACETATE 

t y p e  OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (T ) = 77 .1°C

Si. Coolant 
No. Rate

L it /h r

(Kg/hr)

Inlet Outlet .At

Area Equi- Average Coolant 
valent to Temperature
Diverging or 
Converging
Cone Section VJ-0 '

2
m

(For 6)

Avg. Avg. _
Wall Conden- f
Temp, sate 
(T ) Temp.

V7

;C °C °c

T -T 
v w

2

°C

(0 ) .  ( 1 ) (2) (3) (4) (5) (6)

637 1 0 0 (9 8 .8 0 7 )

638 200 (1 9 7 .61 4 )  0-02(Jg84

639 300 (2 9 6 .4 2 1 )  (l ° 0) ,

640 400 (39 5 .22 3 )

641 100 (9 8 .8 0 7 )

642 200 (19 7 .61 4 )
0.02846

643 300 (2 9 6 .4 2 1 )  (15°)

644 4 0 0 (3 9 5 .2 2 8 )

645 100 (9 8 .8 0 7 )

646 2 0 0 (1 9 7 .6 1 4 )
0.0337297

547 300 (29 6 .42 1 )

648 4 0 0 ( 3 9 5 .2  23)

50 .0  5 2 . 6

50 .5  5 2 . 0

50 .2  5 1 . 3

5 0 .0  5 0 . 9

50 .0  5 3 . 4

5 0 . 0  5 2 . 0

50 .2  5 1 . 6

5 0 . 5  5 1 . 6

5 0 . 0  5 4 . 6

50 .2  5 2 . 7  

(19 ° )  5 0 . 2  3 2 . 1

5 0 . 0  5 1 . 5

2.6 61.5

1.5 .60.0 

1.1 57.5 

0.9 55.5

3.4 66.0

2 .0  64.0

1.4 62.0

1.1 60.0

4 .6  66.0

2 .5  64.0 

1 .9 62.0

1.5 60.0

71

70

69

67

7.80 

8 .55

9.80 

10.80

72.5 5 .55

71.5  6 .55  

71 7.55 

70 8 .55

72.5  5 ,55

71 .5  5 ,55  

71 7 ,55  

70 8 .5 5
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TABLE - Al-42 (contd.)

31. Average Heat Heat HeatJ J .»  ‘  ‘  ' - --------------zj -  - — — --------j. ± ^ r j .  u  sr

No. Conden- Released Received Flux icy^ 
sate by by ( q )

Rate vapour Coolant ^,,,-4 Kcal KcoJ

■ Expt.
n .

.icy
Theo,

XI0 "

Kg/hr  K cal/hr  Kcal/hr Kcal/
hr,

hr.m2 .°C hr.m2 .°C

Percent
Enhancement
(Experi­
mental)

cliv.. con.

(0) (7) (8) (9) (10) (11) (12) (13)

637 3 .2  40 235 , 257 1.36 1749 2191 50 33

633 3 .390 29 9 296 1.43 1674 2142 61 54

639 3 .70 326 326 1.56 1593 2070 71 55

640 4 .0 5 357 355 1.71 1583 2020 62 45

641 4 .101 361 336 1.27 2285

642 4 .5 6 3 401 395 1.41 2151

643 4 .7 71 42 0 415 1.47 1955

644 5 .0 12 441 435 ' 1.55 1812

645 5 .6 8 4 500 455 1.48 2670

646 6 .1 4 8 541 494 1.60 2 4 4 9

647 6 .680 588 563 1.74 ■ 2309

648 6 .7 50 594 592 1.76 2060

—_. ___ —— ---- "

2386

2289

2269

2142

52

55

60

64

52

39

29

33

2386 41 41

2289 45 36

2209 39 31

2142 51 41
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TABLE - Al-43 

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (Ty) = 76.75°C

Si. Coolant Area Equi- Average Coolant Avg. Avg.

No. Rate

L it /h r

(Kg/hr)

A ^ nvci a-cuji l. rtvy • £\v <j m AT* _
valent to Temperature VJall Conden- f

(0) (1 )

649 100 (9 9 .5 68 )

650 200 (1 99 .13 6 )

651 300 (298 .70 )

652 400 (398.2.7)

653 100 (99 .568 )

654 2 0 0 (1 99 .13 6 )

655 300 (2 98 .70 )

656 400 (398 .27 )

657 100 (99 .568 )

658 200 (199 .136 )

659 300 (2 98 .70 )

660 400 (398 .27 )

Diverging or 
Converging 
Cone Section 

2
m

(For 0)

Ini et 

(T^)

Outlet

(T ) 
o

°C

A t
Temio. 

°C

sate
Temp.

°C

T — T 
v w

2

CC

(2) (3) (4) (5) (6)

30.0 33.8 3.8 51.0 66 12.375

30.2 32.4 2.2 47.5 64 14.625

CO 
—

.
CO 

O
o 

o
CN 

V—1
o 

^
 

•
o

30.0 31.5 1.5 45.0 62 15.875

30.0 31.2 1.2 43.0 61 15.875

——— ’ 1

30.0 34.6 4.6 55.5 68 10.52.5

30.5 32.9 2. 4 53.5 67 11 .625

0 .02846  

(15°) 30.0 32.0 2.0 48.0 64 14.375

30.2 31.8 1.6 45.5 62 15 .625

----—

30.0 35.4 5.4 56.5 68- 10.125

I 30.0 33.0 3.0 53.5 67 11.525

0 .0  337297. 

(19°) 30.5

30.0

32.6.

31.7

2.1

1.7

51.5

49.5

65

64

12.625

13.625



SI. Average Heat Heat Heat r Perccnt

No. Conden- Released Received Flux icyP ^icyrru Enhancement 
sate by by , (q) Expt. ^ h e o  . (Experi„

Rate vapour Coolant xio” 4 Kcal Kcal mental)

k g /h r  K cal/hr  Kcal/hr KcaJ/ hr.m2 . c'C hr.m2 .°C  div. con. 

_____________________________ _______  hr.m_______  ____________ ____________________

2SS

TABLE - Al-43 (contd.)

(0) (7) (8) (9) (10) (11) (12) (13)

649 8 .4 9 0 401 378 1.92 1491 1727 29 19

550 . 9 .4 5 44 6 438 : 2.13 1460 1673 30 16

651 9 .8  6 465 4 '48 2.23 1402 1639 32 20

652 10 .17 480 478 2.29 1362 1614 19 10

653 9 .S92 458 ■ 458 1.61 1515 1812 42 32

■654 10.50  0 495 478 1.74 1499 1772 33 22

655 12 .741 601 597 2.11 1469 16S0 33 19

656 13 .663 645 637’ 2.27 1450 1646 34 22

557 11.571 546 538 1.62 1599 1834 39 32

658 12 .741 602 597 1.78 1535 1772 38 26

559 13.662 645 627 1.91 1515 1736 34 23

560 14 .354 678 677 2.01 '1475 1703 33 18
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TABLE - Al-44 

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (T ) ='76.75°C

Si, Coolant 

No. Rate

L it /h r

(kg/hr)

Area Equi- Average Coolant Avg. Avg.
valent to Temperature VJall Condon-
Diverging or T „ Temp, sate

J ^ Inlet Outlet &  T (rTfs rr,or_„
Converging '■ 1 1
Cone Section ""1

(T ) 
o

(T ) Temo. 
w

=

T - T 
v w

m

(For 0)

(0) (1) (2)

661 100 (99 .225 )

662 200 (198 .45 )

663 ,300 (297 .70 )

664 400 (3 96 .90 )

0 .020884

(10°)

665 100 (9 9 .2 25 )

666 200 (198 .45 )

667 300 (297 .70 )

668 400 (396 .90 )

0 .02846 

(15°)

669 100 (99 .2 25)

670 200 (198 .45 )

671 300 (297 .70 )

672 400 (396 .90 )

0 .0337297 

(19°)

5C

(3)

°c

(4)

°C

(5)

>C

(S)

40.,2 43.6 3.4 55.5 67 10 .625

40,.0 41.9 1.9 51.0 65 12.875

40,.0 41.3 1.3 49.5 64 13.625

40 .5 41.5 1.0 47.5 63 14.625

40 .0 43.8 3.8 61.0 70 7.875

,40 .0 42.1 2.1 58.0 69 9 .375

40 .2 41.7 1.5 55.5 68 10.G25

40 .2 41.4 1.2 53.5 66 11 .625

40 .0 44.7 4.7 ■52.0 70 7.375

40 .2 42.9 2.7 60.0 69 8 .375

40 .5 42.4 1.9 53.0 68 9 .375

40 .5 42.0 1.5 56.5 68 10 .125



TABLE - Al-44 (contd.)

Si. Average Heat Heat
Nn’ Conden- Released Received

sate by by
Rate vapour Coolant

kg /hr  K cal/hr  Kcal/hr

(0) (7) (8) (9)

661 7 .32 345 337

662 8 .4 3 398 377

663 8 .4 3 398 387

664 8 .6 9 410 397

665 8 .4 00 397 377

666 9 .0 0 425 417

667 9 .861 466 447

668 10 .598 501 476

669 10 .800  510

670 11 .571  546

671 12 .600  595

672 13 .186  623

Heat h ^icv Percent
Flux icyp . Thpn Enhancement
(q) E^pt. Theo, (Ejqpcrx-

-4 Kcal Kcal mental)
X10 ---5-------2
T, > , hr.m . °C hr.m . °C
Kcal/ div. con..

hr.m'

(10) (11) (12) (13)
___

1,65 1554 1812 39 24

1.91 1480 1727 31 16

1.91 1398 1703 38 25

1.96 1342 1673 38 25

1.39 1771 1953 30 24

1.49 1592 1870 37 37

1.64 1541 1812 40 36

1.76 1514 1772 32 28

1.51 2050 1986 13 9

1.62 1933 192 3 17 13

1.76 1885 1370 19

1.85
1824 1834 16 8
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TABLE - Al-45 

LIQUID SYSTEM = CARBON - TSTRA - CHLORIDE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (Tv ) = 76.75°C

Si, Coolant

Ho. Rste 

Lit/hr

(kcj/'hr)

Area Equi- ■ 

v a le n t  to 
D iverging  o f  
Converging 

Cone Section 
2

m

(For 0)

Ave rag e Coo1ant Avg.
Temperature Wall

. rn Temp,
Inlet Outlet A 1 (t )

V ' W
(Tj_) (Tq)

:C 5C

Avg.
Conden­

sate 

Temp.

3C

_ATf =

T - T 
v w

5C

(1) (2)

673 100 ( 9 8 . 8 0 7 )

674 200 (197 .614)
0 . 0 2 0 8 8 4  

575 300 ( 2 9 6 . 4 2 1 )  ( 1 0 ° )

676 4 0 0 ( 3 9 5 . 2  2.8)

677 100 ( 9 8 . 8 0 7 )

678 200 ( 1 9 7 . 6 1 4 )
0 . 0 2 8 4 6

679 300 ( 2 9 6 . 4 2 1 )  d 5 °'  

630 400 ( 3 9 5 . 2 2 8 )

(3) (4) (5)

5 0 . 0 5 2 . 5 2 . 5 6 1 . 0 70

5 0 . 0 51 .3 1 . 3 6 0 . 0 69

50 .2 51 .2 1 .0 5 7 . 5 68

5 0 . 4 51 .2
0 . 8  5 5 . 5 68

50 .0 5 3 .0 3 . 0 6 6 . 0 72

50 .5 52 .0 1 . 5 6 4 . 0 71

50 .5 51 .5 1 .0 6 2 . 0 70

50 .0 5 0 . 8 0 . 8 6 1 . 0 70

(6L _

7 . 8 7 5  

8 . 3 7 5  

9 . 6 2 5  

1 0 . 6 2 5

5 . 3 7 5

6.375

7 . 3 7 5  

7 . 8 7 5

581 100 ( 9 8 . 8 0 7 )  

532 200 ( 1 9 7 . 6 1 4 )  

583 300 (29 6 . 4 2 1 )  

684 400 ( 3 9 5 . 2 2 8 )

0 . 0 3 3 7 2 9 7

(19” ).

50 .5  54.1

50.0 52.0

50.0 51.4 

50 .2  51 .4

3 .6 6 7 . 0 73
4 . 8 7 5

2 . 0 6 5 . 0 72 5 . 8 7 5

1 . 4
6 4 . 0 71

6 . 3 7 5

1 .2
6 2 . 0 70 7 . 3 7 5
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TABLE - Al-45 (contd.)

S i .  Average Heat Heat Heat ^ h Percent
No. Conden- Released Received Flux icy icy- Enhancement

sate by by (q) Lxpt* co< (Experi-

Ratc vapour Coolant _  Kcal Kcal__ mental)
XI0

Ka/hr  K cal/hr  Kcal/hr Kcal/ hr.m2 . "C h r .m 2 . ° C  div. con.
2

hr.m

682

(0) (7) (8) (9) (10) (11) (12) (13)

673 5 .670 268 247 1.28 1630 1953 40 34

674 5 .940 2.80 257 1.34 1600 1923 35 32

675 6.G70 31.6 2.97 1.51 1567 1858 36 36

676 6 .670 316 316 1.51 1419 1812 44 35

677 6 .2 65 296 ' 296 1.04 19 35 2149 26 17

678 6 .462 305 296 1.07 1681 2059 40 21

679 7 .0 43 333 296 • 1.17 1586 1986 39 33

680 7 .4 3 6 351 316 1.23 1566 1953 39 28 ]

68 1 7 . 5 6 0 3 5 7 3 5 6 ^356 1.06 2171 2202

395 1.19
2024 2102

415
1.25 1953 2059

474 1.41
1909 1986

27 18

^  8 .4 9 4  401 m  onKQ 20 13

683 8 .8 3 4  42.0 415 . l3 7
1 90 9 I98-

584 10 .0  62 475
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TABLE - Al-46 

LIQUID SYSTEM = 7JATER

TYPE OP CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (T ) = 100°C

31. Coolant 
No. Rate

L it /h r

(kg/hr)

Area Equi- Average Coolant
valent to Temperature 
Diverging - Inlet~0utlet 
Converging

Cone Section 
2

m

(For 0)

(T ) 
o

CC

(0) :d (2) (3)

685 100 (99 .558 )

686 200.(199.136) 

68 7 3 0 0 ( 2 9 8 . 70) 

68 8 4 0 0 ( 3 9 8 . 27)

689 1 00 ( 99 . 5 6 8)

690 200 (199 .136)

691 300 (298 .70 )

692 400 (398 .2  7)

(10

30.0 53.0 23.0

30.2 42.0 11.8 

0.020884x2 38>6 g.i

30.0 36.1 6.1

30.0 59.0 29.0

30.0 44.8 14.8

30.2 40.6 10.4

30.2 38.3

0.02846x2 

(15°)

653 100 (99 .568)

694 200 (199 .136)
0,0337297x2

59 5 3 0 0.(2 9 8 . 70) (19°)

596 400 (3 9 8 .2 7 )

31.0 61.0 30.0

30.5 46 ,0 15.5

30.5 

30.0 33.6

41.5 11.0

Avg.
Wall
Temo.

('/ )
v:

JC

M)

60.0

73.0

76.0

74.0

32.0

30.0

73.0

76.0

34.0

32.0

30.0

73.0

Conden
cnte
Torr.p.

(5)

91

o r\

89

88

93

92 

91

90

A Tf -

v v; 
'  1

rC

(C)

1 0 . 0  

11 .9  

12.0

13.0

9 .0

10.0 

11 .0 

12.0

3 .0

9 .0  

10. C 

11.0
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TABLE - Al-46 (contd.)

SI. Ave rage Heat Heat Heat ll
h.

Percent

No. Conden­ Releasee1 Received Flux
h .

icy.-,
icy...,, 

iheo.
Enhance:, en t
(E:;peri- 

i i \sate by by (q) -‘iixpt.

Rate vapour Coolant -A
X10 '

__Kcal Kcal
mental)

Kg/hr K cal/hr Kcal/hr Kcal/
2

nr.m

2
nr.rn . °C hr.m2 . °C div-con.

„ „ „ ---—--—.--- —--— —— -------- ...------- --------

(0) . (7) (8) (9) . (10) (1.1) (12) (13)
--------- — . ---......— --- ---- ---------- - —• —— - ~ * —

'685 ■ '4 .313 2 32.4 2290. 5.56 5564 7788 79

686, 4 .451 2 399 2350 5.74 5221 7604 75

687 4 .600 2479 2 419 5.93 4945 7441 67

688 4 .600 2479 2429 5.93 4565 7293 77

689 5 .4  33 2928 2887 5.14 5687 7996 8 3

690 5 .726 3 08 6 2947 . 5.42 5395 7768 72

691 5 .9 84 32 06 3107 5.63 5120 7604 64

692 6 .2 73 3380 3226 5.94 4948 7 •Ml 67

693 5 .750 3099 2987 4.59 5742 8235 85

694

695

6 .161

6 .572

3320

3541

3087

3286

4.92

5.25

54 68 

5249

79:6

778C

82

69

696 6 .900 3 718 3425 5.51 5011 7604 70
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TABLE - Al-47 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE

VAPOUR TEMP. (T ) = 100°C

SI.
No.

Coolant

Rate

L it /h r

(kg/hr)

Average Coolant 
Tempe rature

Area equi­
valent to
Diverging - Qutlet
Converging ,T s ^   ̂
Cone Section 1 o 

2
m

( For 9 )

Avg. Avg. 
Wall Conden- 
Temp sate 
(T ) Ternp

£>T

(2)(0) ( 1)

697 100 (99 .22  5)

698 200 (198 .45 )

699 300 (2 97 .70 )

70 0 4 0 0 ( 39G .90)

701 100 ( 99 . 2 2 5)

702 2 0 0 (198 . 45)
0 .02846x2

703 300 (297 . 70) (15°)

704 400 (396 .90 )

°C

(3)

w

•c

(4)

'C

(5)

40.0 57.0 17,0

40.0 48.9 8.9
0.020884x2

(10°) 40.2 47.1 6.9

40.0 45.8 5.8

40.0 60o0 20.0

40.0 50.5 10.5

40.0 47.8 7.8 

40.2 46.4 6.2

86.0 93.5

85.0 93 *0

82.0 91.5

80.0 91.0

88.0 95.0

86.0 94.0

85.0 93.5

83.0 92 .5

r

T -T,
V  c

JC

(6)

7 .0

7.5

9 .0  

10.5

6 .0  

7 .0

7 .5

8 .5

7°5 100 (99 .225 )

706 2 0 0 ^ 8 . 4 5 >  0 _0337297x2 

7°7 300 (297 .70 )  l9°')

708 4 0 0 ( 3 9 6 . 90)

40.5 6

40.0

4.5 24.0 

53.0 13.0

40.0 49.0 9.0 

40.2 47.7 7-5

89.0 95.0  

87.5 94 .5

85.0 93.0

83.0 92.0

5 .5  

6 .25

7 .5

8 .5



TABLE - Al-47 (contd.)

SI.
No.

Average

Conden­

sate
Rate

Heat
Released

by
vapour

Heat
Received
by

Coolant

Heat
Flux

(q;)

X10"4

1CyExpt.

Kcal

hicyTheo.

Kcal

Percent
Enhancement

(Experi­
mental)

Kg/hr K cal /h r Kcal/hr Kcal/ hr.m2 .°C hr.m2 . °C

hr.rn div-con.

(0) (7) (8) (9) (10) (11) (12) (13)

697 3 .039 1690 1687 4.05 5780 8514 80

698 3.080 1770 • 1766 4.24 5650 8368 70

699 3 .2  24 2065 2054 4.94 5493 7995 • 60

700 3 .317 2324 2302 5.56 5299 7788 63

-

701 3 .771 2032 1985 3.57 5950 8849 94

7°5 4 .6 31  2496

706 4 .9 2 9  .2656

707 5 .308  2860 

5 .750  3099

'02 4 .2 59  2295 

703 4 .4  52 2 399 2 322

7°4 4 .792  2582 2461

2084 4.03 

4.21 

4.54

5750 8514 84

5 620

5337

8368 84

8111 62

708

2 381
3.70 6727 9043

3.94 6299 8759

2580

2679
4.24 5652 8368

2979
4.59 5405 8111

94

75

84

78
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TABLE - Al-48 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER == STRAIGHT UNIFORM TUBE 

VAPOUR TEMP (T ) = 100°C

31. Coolant 

.'Jo. Rate

L it /h r

(Kg/hr)

Area equi­

valent to 
Diverging 
Converging 
C6ne Section (T:) (T )

Average Coolant Avg. Avg. 
Temperature

Inlet Outlet

1'

Wall Conden- 
Temp sate 
(T j Temp

V7

m
(For & )

(0) (1) (2)

0 .02088  4x2 

(1 0 °)

709 1 00 ( 98 . 8 0 7)

710 200 (197 .614 )

711 300 (296 .421 )

712 400 (3 9 5 .2  28)

713 100 (90 .807 )

714 200 (197 .614 )
0 .0  2845x2

715 300 (296 .421 )  ( l 5 r)

716 400 (395 .228 )

717 100 (93 .807 )

718 200 (197 .614 )
0 ,0337297}

719 300 (296 .421 )  (19°)

720 4 0 0 (3 9 5 .2 2 8 )

T -T
V  V7

°C VC °c °C

(3) (4) (5) (5)

50.0 66.5 16.5 90.0 96.0 5 .0

50.2 58,6. 8.4 89.0 95.5 5 .5

50.4 56.2 5.8 86,0 93.0 7.0

50.5 55.1 4.6 85.0 92.5 7.5

50.5 68,5 18,0 92,0 96.5 4 .0

50.2 60.0 9.8 50.0 95.0 5 „ 0

50.0 56.5 6.5 89.0 94.5 5.5

50.0 55.5 5.5 87.5 93.5 6 .25

50.5 71.5 21.0 92.0 96.0 4 .0

50.2 62.2 12.0 9 0.0 96.0 5.0

50.0 58.2 8.2 89.0 95.5 5.5

50.0 56,5 6.5 87.5 94o 5 6.25



29S

TABLE - Al-48. (contd.)

Average Heat

No ' Co nci e n- Re 1 e a s ed

sate by
Rate vapour

Heat .
Received

by
coolant

Heat ^
Flux ‘ icyExpt.

K g /h r  K c a l /h r  Kcal/hr

(a)
-4

X10

Kcal/
, 2' 
hr.m

Kcal 

2

ft. Percent
ioyipy-̂QQ Enhancement

(Experi- 
—  mental)

hr.m ,°C hr.m . °C ^iv-con.

(0) (7) (8) (9)

709 3 .136

710 3 .28  G

711 3 .0  34

712 4 .313

1638 , 

1660 

17-38 

1787

1630

1659

1719

1779

(10)

3.92

3.97

4.16

■4.28

713 3 .383 1823 1779 3.20

714 3 .898 2101 1937
3.69

715 3 .898 2101
1927

3.69

716 4 .1 82 2254
2174

3.95

717 4 .083 2200 2075
3.26

718 4 .6 0 0 2.479
2371

3.67

3.80

3,99
719 4 .7 5 9 2564 2431

720 5 .0 0 0 2 69 5
2569

(11)

7843

7226

5944

5704

8007

7382

6711

6336

8153

7350

6911

6392

(12)

9261 

9043 

8514 

8368

9793

9261

9043

8759

9793

9261

9043

8759

(13)

63

66
72

71

72

79

74

65

93

83

75

66
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TABLE - Al-49 

LIQUID SYSTEM = ETHYL ACETATE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP (T ) = 77.1°C

Si. Coolant 

No. Rate

L it /h r

(Kg/hr)

Area equi- Average Coolant 
valent to Temperature
Diverging - n 

Converging
Cone Section (T- ) (T )

2 i o
m

(For 0) CC

Avg. Avg. A Tf = 
VJall Conden- 
Temp. sate T _ T
(T ) Temp. v w

(0) (1) (2) (3)

w

°C

(4) (5)

?29 100 (99 .568 )  

730 200 (199 .135 )

29.8 38.3 

30.0 34.5

-jo, 0 0337297x2 2 33.4
?31 300 (298 .70 )  ({go) 3U*

732 400 (3 9 8 .2 7 )
30.0 32.5

°C

(G)

721 1 00 (9 9 .5 68 ) 30.0 35*4 5.4 55.5 66 .5 10.8

722 2 00 (1 9 9 .1 3 6 ) 30.0 32.9 2.9 53.5 65.5 11 .8

723
0

300 (298 .70 )

.020884x2'

(10°) 30.2 32.4 2.2 49.5 62.5 13.8

724 400 (398.2,7) 30.0 31.7 1.7 47.5 62 . 5 14.8

_ , ___I I .mm—-

725 1 00 (99 .568 )
30.8 38.3 7.5 58.0 69 .0 9 .55

726 2 00 (1 9 9 .1 3 6 )
30.5 34.3 3.8 55.5 67.5 10.3

727
0

3 00 (2 9 8 .7 0 )

.02846x2 

(15") ’
30.0 32.7 2.7 53.5 66.5 11.8

728 4 0 0 (3 98 .27 )
30.0 ' 32.1 2.1 51.5 65.5 12.8

__—-----

8.5 59.0 70.0 9.05

4.5 56.5 69.0 10.30

3.2 53.5 67.0 11.80

2.5 51.5 66.0 12.80
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TABLE - Al-49 (contd.)

si.

No.

Average

Conden­

sate
Rate

He at
Released
by

vapour

Heat
Received
by
Coolant

Heat
Flux
(q)

XI o"4

"'''CyExpt,

Kcal

icyTheo, 

. Kcal

Percent 
Enhancement 

1(Experi­
mental)

Kg/hr K cal /h r Kcal/hr Kcal/ hr.m2-. nC

i. 2 hr.m

hr.m2 . °C
div-con.

(0) (7) (8) (9) (10) (11) (12) (13)

721 6 .17 543 537 1.30 1204 1699 74

722 • 6 .61 582 578 1.39 1180 1661 70

723 7.49 660 657 1.58 1145 1598 54

724 7.71 679 677 1.63 1098 1570 62

729 9.969 877

730 10.623  935

731 11.368 1000

732 11.676 1027

,725 8 .5 26 750 747 1.31 1380 1752

725 8 .640 760 757 1.34 12 36 1699

727 9 .191 809 806 1.42 1204 1662

728 336 1.47 1152 162.8

9.529 839 .

816
1.30 1437 1775

896
1.38 13 46 1719

956 1. #
1256 1.662

996
1.52

1189 1628

59

66
61

56

61

56

67

67



TABLE - Al-50

LIQ U ID  SYSTEM = ETHYL ACETATE

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE

VAPOUR TEMP (Ty ) = 77.1°C

77 rAoiant Area equi- Average Coolant Avg. Av9*
SI. coolant * l l l nlqto Temperature Wall Conden-

A-T

No. Rate

L it /h r

(Kg/hr)

Temp sate
Diverging- inlet outlet AT )' Temp
Converging
Cone Section (T^) (Tq)

(for & ) °c

w

°C

T -T
_V  -

2 

' C

(0) (1) (2 )

733 100 (99.2.25)

734 200 (198 .45 )
0.020884x2

735 300 (297 .70 )  (10°)

736 400 (396 .90 )

737 100 (99.22.5)

738 200 (198 .45 )
0.02846x2

739 300 (297 .70 )  (15°)

740 400 (396 .90 )

741 100 (99 .225 )

742 200 (198 .45 )

0 0337297x2
743 3 0 0 (2 9 7 .7 0 )  * (ig o)

744 4 0 0 (3 9 6 .9 0 )

(3)

40.0 44.6

40.5 42.9

40.2 41.9

40.0 41.5

40.5 46.7

40.2 43.5 

40 . 0 4 2 .2

40.0 41*7

40.5 48.0 

40. %  44*2 

40 .0 4:2 *8 

40.0 42.1

(4) (5) (6)

4.6 61.5 69.5  7 .8

2.4 59.5 62 .5 8 .8

1.7 57.5 67.5 9 .8

1.5 55.5 66.5 10 .8

6.2 64.0 71.5 6.55

3.3 62.0 70.5 7.55

2.2 59.0 69.0 9,05

1.7 36 .5 68.0 10.30

7.5 64.0 71.0 6 .55

4.0 62.0 70.5 7.55

2.8 59.0 69.0 9 .05

2.1
58.0 69.0 9 .55

-----
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TABLE - Al-50 (Contd.)

S I .  Average Heat Heat Heat

No. Conden- Released Received Flux nicy Percent
sate by by (£) Expt. “ -"i'heo. r.ahar.(..v
Rate vapour Coolant -4 (K::: •" t:i

X10 Kcal Kcal v.i!

Kg/hr Kcal/hr  Kcal/hr

(0) (7) (8) . (9)

733 5.22 460 456

734 5 .84 513 476

735 6 .29 553 . 506

736 6.82 600 595

737 7 .043 620 615

738 7 .448 655 655

739 7; 80 7 687 655

740 8 .100 713 675

741 8 .640 760 744

742 9 .127 803 794

743 9.529 839 8 34

744 9.529 8 39 834-

Kcal/ hr.m2 . °C h r .m ".' C
9 cl; v-co

hr.m '

dO) (11) (12) ( i 3)

1.10 1412 1342 ( 5

1.23 1395 1708 o()

1.32 1351 1740 62

1.44 1330 169 9 59

1.09 1663 197 5 52

1.15 1524 1D50 5 2

1.21 1334 1775 >:'.v

1.25 1215 171 61

1.13 1720 192 5 65

1.19 1577 125H 1 3 i

1.24 1374 1775 33

1.24 1302 1752 8
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TABLE - Al-51 

LIQUID SYSTEM = ETHYL ACETATE 

'TY'PE OF CONDENSER STRAIGHT UNIFORM TUBE 

VAPOUR TEMP (T ) '= 77 .1°C

Si.
Ho.

Coolant Area equi- Average Coolant Avg. Avg. A T f =
Rate valent to Temperature VJall Conden-

Diverging - Inlet 0uUet Temp, sate T _ T

L it /h r  Converging /T ) J-emp. —
Cone Section (T^) (Tq) w

(Kg/hr) . m2

Tol CD ~ ~ (27
745 100 (9 8 .8 07 )

746 2 0 0 (1 97 .61 4 )

/ ^\ o n  ° C  ° C  ° ̂  (For 0) C ___________C---^ ----- r_T_
_— ---- (4) (5)' Cp )

,;̂ r i 0 0 T 9 O 0 7 ) -  '  ' 50.0 54.0 4.0 66.0 72.0  5 .55

6.0550.2 52.2 2.0 65.0 71.5

0 #02083 4x2 r a n 71 n 6-55
747 300 (296 .421 ) (l0c) 50.0 51.5

748 400 (395 .228 ) 50,0 51,2 1,2 61‘ 5

7.80

749 100 (98 .807 ) 50,0 55*°
5.0 68.0 73.5  5 .5  

2.6 66.0 72 .5  6 .5

750 200 (197 .614 )  ° 0,
0 .02846x2 2>0 65.o 72 .5  7 .5

751 300 (296 .421 ) (15°)  ~0 '

752 400 (395 .228 )
50.2 51, 1.6 63.0 71.0  8 .0

n «  o 6 2 68.0 73.5  4.55
50.0 56.*-

100 (98 .807) • 67_0 73 . 5 5 . 05

754 200 (1 9 7 .6 1 4 )  «9 ‘8
0.0337297x2 2 .1 66.0 73 .0  5 .55

755 300 (296 .421 )  (19 °> ‘ n 73 0
_ . r 1 6 6b • U '°9

50.0 51.6 1.&
6 .0 5

756 4 0 0 ( 3 9 5 .2 2 8 )
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TABLE - Al-■51 ( «contd.)

, _______-—— -------- __ fT i mix-_

si.

No.

Average
Conden­
sate

Rate

Heat

Released
by
vapour

Heat

Received
by

Coolant

Heat
Flux
(q)

_A
X10 "

hicyExpt.

Kcal

h.
icvm,

- Theo.

Kcal

Percent
Enhancement
(Experi­
mental)

Kg/hr K cal/hr Kcal/hr
Kcal/ hr.m2 .°C

O
hr.m2 . nC div^con.

hr.m

(0) (7) (3) (9) (10) (11) (12) (13)

745 4 .62 40 7 395 0.97 1755 2006 39

746 4 ,80 42 3 395 1.01 1674 1964 45

747 5 .10 449 445 1.07 1637 1925 41

748 5 .40 475 474 1.14 1458 1843 52

749 5 .635 49 6 494 0.87 1915 2109 60

750 6 .2  31 548 514 0 .96 1735 2006 55

751 6 .750 594 593 1.04 1725 1964 39

752 7 .200 634 632 1.11 1580 1890 46

753 7 .043 620 613 0.92 2020 2109 71

754 7 .043 620 613 0.92 1820 2054 62

755 7 .448 655 622 0.97 1750 2006 42

756 7 .448 655 632 0.97 1605 1964 45



TABLE - Al-52 

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP (T ) = 76.75°C

Si. Coolant Area equi- Average Coolant Avg. Avg. =
No. Rate valent to Temperature Wall Conden-.

L i t /h r  Diverging _ 0utlpt AT  Temp, sate T _T
Converging " (T ) Temp. v w

(kg/hr) Cone Section (T ;) (T ) w 2
2 °

m

(For &) '-C °C CC C

(0) (1) (2) "  ■ (37 (4) (5) (6)

757 1 0 0 (9 9 .5 68 ) 30.2 35.0 4.8 53.5 66 11,625

758 2 0 0 (1 9 9 .1 3 6 ) 30.0 32.7 2.7 50.0 64 13.375

759

760

300(2 98 .70 )  

400 (398.2.7)

0.020884x2

d o 1)

30.0

30.0

31.9

31.4

1.9

1.4

48.5

47.5

64

63

14.125 

14 .625

_ -

761 1 00 (9 9 .5 6 8 ) 30.0 37.0 7.0 56.5 68 .5 10.125

762 200 (199 .136)
30.0 33.6 3.6 54.5 67.5 11.125

763 300 (2 9 8 .7 0 )
0 .0 2846x2 

(15°)
30.2 32.8 2.6 51.5 65 12.625

764 400 (398 .2  7)
30.0 32.1 2.1 49.5 65 13.625

99 5 37.7 8.2 58.0 69.0  9 .375
765 1 0 0 (9 9 .5 6 8 )

op o qA*3 '-.3 56.0  68 .0  10.375
766 2 0 0 (1 9 9 .1 3 6 )  * .

0.0337297x2 Q 33.0  370 54.5 67 .5  11.125

767 300 (298 .70 )  (19°) 3 ^  _
30.2 32.6 2 .4  52.5 66 .5  X . .125
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TABLE - Al-52 (contd .)

Si. Average Heat Heat Heat ?- Percent
Ko. Conden- Released Received Flux icy,-, , i c y ™ ^  Enhancement

sate ' by by (cr) -Expr. _neo. (Experi „

Rate vapour Coolant xl[)-4 Kcal Kcal mental)

Kg/hr  Kcal/hr  Kcal/hr  Kcal/ hr.iii^.°C hr.m . °C div-con.

hr.m2

(0) (7) (8) (9) (10) (11) (12) (13)

757 11.01 520 478 1.24 1071 1490 63

758 12.06 570 5 38 1 .36 1020 1439 69

759 12.60 595 568 1.42 1009 1419 62

750 12.74 601 597 1 .44 983 1407 56

761 15.12 714 69 7 1 .25 1239 1543 51

762 15.53 7 34 717 1 .29 1159 1507 52

763 16.68 788 777 1.38 1097 1460 . 46

764 17.72 837 836 1. 47 1079 1432 43

765 17.45 8 24 816 1.22 130 3 162 6 58

766 18.59 878 856 1.30 1254 1533 53

767 19.55 923 896 1 .37 12 30 150 7 46

768 20.62 97 4 . 956 1 .44 1190 1475 32
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TABLE - Al-53 

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE 

TYPE o f  CONDEfiSER - STRAIGHT UHIFOPH TUBE 

VAPOUR TEMP (Tv ) = 7 6 .7 5 ;’C

cl, Coolan't 

::o. Rate

Lit/hr 

(Kg/nr)

(0) (1)

769 100 ( 9 9 . 2 2 5 )

770 200 ( 1 9 8 . 4 5 )
0.02,0884x2

771 300 ( 2 9 7 . 7 0 )  ( 1 0 ° ‘

772 400 (396.90)

773 1 00 ( 99 . 2 2 5)

774 200 (198.45)
0 .02846x2

77 5 3 0 0 ( 2 9 7 . 70) (15°)

T ' "17-i Average Coolant Avg. Avg. & Tf 

valent to"

Diverging ~ xni et Outlet A T  (T ) Temp. 
Converging (t •) (T ) w .
Cone Section 1

T -T 
v w

' 2
o

40.0  45 .6  

40.2  4 3.2

"76 400 (396.90)

777 100 (99 .225)

778 200(198 .45)
0 .0337297x2

779 3 0 0 ( 2 9 7 . 70) (19°)

730 4 0 0 ( 3 9 6 . 90)

o
♦o 42 .2, 2 .2  ' 60 .0 6 9 .0 8 .3 7 5

40.0 41 .7 1 .7 58 .0 68 .0 9 .3 7 5

40.0 46 .5 6.5 65 .0 71 .0 5 .8 7 5

40 .0 43 .4 3 .4 63 .0 7 0 .0 6 .8 7 5

40 .2 42 .6 2 .4 61 .0 6 9 .0 7 .8 7 5

40 .0 42 .1 2 .1 59 .0 6 8 .0 8 .8 7 5
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' si.
No.

(0)

769

770

771

772

773

774

775

776

777

778

779

780

TABLE - Al-53 (contd.)

Average
Conden™
sate

Rate

Heat
Released
by
vapour

Heat

Received
by

Coolant

Heat
Flux
(q)

_4
X10

h .
icy~,

JExpt.

Kcal

hicyTheo

Kcal

Percent 
Enhancement 

• (Experi­
mental

Kg/hr ' K cal/hr Kcal/hr
Kcal/

V 2rir.rn .

hr.m2 . °C hr.m2 . CC div-con.

(7) (8) (9) (10) (11) (12) (13)

8 .929 421 406 1.00 1466 1699 29

10 .800 510 496 1.22 1338 1583 41

11.230 530 50 6 1.26 1318 1562 38

11.930 564 555 1.35 1270 1524 37

12.0 60 570 556 1.00 1571 1732 24

12 * 600 595 595 1.04 1417 1670 44

14.175 670 655 1.18 1406 1617 38

16.200 714 675 1.25 1338 1572 39

14.175 669 645 0 ,99 1688 1767 36

15.120 714 6 75 1 .06 15 40 1699 37

16,200 765 715 1,13 1440 1643 46

18.000 850 833 1.26 1420 1594 38
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TABLE - Al-54 

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE 

TYPE OF CONDENSER = STRAIGHT UNIFORM TUBE 

VAPOUR TEMP. (Tv ) = 7 6 . 7 5 ;C

SI. Coolant Area equi- Average Coolant Avg. Avg. ~
No. Rate valent to Temperature Wall Conden—

Lit/hr  Diverging - Temp.sate T _ T
Converging inlet Outlet & x j Tempi v w

(Kg/hr) Cone Section (T1 ) (T ) w -- ~—~
o 1 O ^
z,

m

(For 0) °C °C °C °C

(0) (3) (2) (3) (4) (5) (6)

781 100(98.807) 50.0 53.5 3 .5 66 ,0 71 .5 5 .3 75

782 200(197 .614) 50 .2 52 .0 1 .8 64 .0 7 0 .5 6 .3 7 5

783 300(296 .421)
0 .020884x2

(10-) 50.2 51 .6 1 .4 62 .0 6 9 .0 7 .3 75

784 400(395 .228) 50.0 51 .1 lwl 61 .0 69 -0 7 .8 7 5

■--— ----- --——..—-.......— ■— — --- — ———-- —— •-- *---

LOCOr-

1 00 (98 .807) 50.5 54.3 ' 3 .8 68 .0 73 .0 4 .3 75

786 200(197 .614) 50.2 52 .4 2 .2 66 .0 72 .0 5 .3 75

787 300 (296. 421)
0 .0  2846x2 

(15°) 50.0 5 1 .6 1 .6 6 4 .0 71 .0 6 .3 7 5

788 400(395 .228) 50.0 51 .4 1 .4 62 .0 70 .0 7 .3 7 5

789 100 (98 .807) 49.8 55 .2 5 .4 68 .0 73 .0 4 . 375

790 200(197 .614) 50 .0 52 .8 2 .8 66 .0 72 .0 5 .3 7 5

791
300(296 .421)

0 .0  3 3729 7x2 

(19°) 50.0 52 .0 2 .0 6 5 .0 7 1 .5 5 .8 7 5

792
400(395 .228) 50,0 5 1 .6 1 .6 63 .0 70 .0 6 .8 7 5

"— ___  —_, --n . - . _ _ _ _ _ _ ___
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TABLE — Al—54 (contd.)

Si. Average Heat Heat ' Heat ^ p Percent
No. Conden- Released Received Flux icy *icy„. Enhancement

S,te by by <|> Expt. Ths°- (Experi.

Rate vapour Coolant -4 mental)
Kcal__  Kcal

leg/hr K cal /h r  Kcal/hr Kcal/ , 2 , 2 or, r
2 hr.m . VC hr.m .°C  div-con.

hr.m

(0) (7) (8) (9) (10) (11) (12) (13)

781 7.820 369 345 0 .88 1644 1807 26

782 7.980 377 355 0.90 1416 1732 33

783 8.790 415 415 0.99 1347 1670 33

784 9.290 4 39 435 1.05 1334 1643 31

785 8.-72 3 412 ' 376 0.72 1654 190 3 36

786 9.610 454 435 0.79 1484 1807 44

787 10.800 510 474 0 .89 1405 1732 40

788 12.060 570 553 1.00 13.58 1670 37

789 11.450 541 534 0.80 1833 1903 46

790 11.940 564 553 0 .84 1555 1807 65

791 12.600 595 59 3 0 .88 1501 1767 56

792 13,833 653 632 0 .97 1408 1699 45

--- —— ——---- -—
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TA-tiLE — Al—55

LIQUID SYSTEM = WATER

TYPE OP CONDENSER = DIVERGING-CONVERGING TUBE 

VAPOUR TEMP. (T ) = 100°C

Serial ..Coolant 
Ho. Rate

l i t /h r

No. of
Dive r~
ging-
Converg-
ing
Units

Average Coolant 
Ternpe rature

Inlet Outlet A.T.

(in « (rn ^

Avg.
VJall
Temp.
(T ) 

w

Avg. 
Conden­
sate 
Temp.

& T f =

T - T 
v w

xo
°C °C °C

2
°C

'(0) '  (1) (2) (3) T 4 T " (5) (6)

793 100 (99 .568) 30.3 39.3 9.0 81.0 92 9 .5

794 200 (199 .136)
One

30.0 35.0 5.0 77.0 90 11 .5

795 300 (298 .70 ) 30-.0 33.4 3 .4 74.0 89 13 .0

796 400 (398.27) 30.2 32.9 2 .7 71.5 87 14 .25

797 100 (99 .568) 30 .0 49.0 19.0 80 .0 92 10 .0

798 200 (199 .136)

Two

30.5 40,5 10.0 77.0 90 . 11 .5

799 300 (298 .70 ) 30.5 37.4 6 .9 74.0 89 13 .0

800 400 (398 .27 ) 30.0 35.4 5.4 71 .5 87 14.. 2 5

801 100 (99 .568) 30.5 57 .0 26 .5 81 .0 9 2 .5 9 .5

802 200 (199 .136)
Three

30.0 44 .5 14.5 78.0 90 11 .0

BU3 300 (298 .70) 30.0 39 .7 9 .7 76 .0 89 12 .0

804 400 (398 .27) 30.0 37.3 7.3 74.0 87 13 .0

805 100 (99 .568) 30.0 62.0 32 .0 82 ,0 92 9 .0

806
200 (199 .136 ) 30.5 47 .7 17.2 00 .0 91 10 .0

807
300 (298 .70)

Four
30.0 41 .5 11.5 78 .0 8 9 .5 1 1 .0

808
400 (398 .27 ) 30 .5 39 .5 9 .0 76 .0 8 8 .0 12 .0



TABLE - Al—55 (contd .)

Serial 

I'o.
Ave rage 
Conden­
sate 
Rate 
kq/hr

Heat - 
Released 
by vapour

Kcal/hr

Heat-
Received
by

Coolant
Kcal/hr

Heat - 
Flux (q)

XI0“ 4
2

Kcal/hr.m

h. ,
l C i C t „

i;:pt.

Kcal

hr.m*". °C

nidctThc< 

Kcal 

hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12.)

793 1.669 916 896 9 .53 10 0 32 1023 3

794 1 .385 1016 996 10.57 9192 9756

795 1.927 1038 1016 10.80 830 7 9462

796 2 .066 1112 1075 11.56 8119 9247

797 3.556 1917 1092 9.97 9973 10103

793 3.750 2021 1991 10.51 9143 9756

799 3.830 2066 2061 10.75 8267 9462

300 4 .059 2187 2150 11.38 7984 92 47

301 5 .036 2 714 2639 9.41 9903 10233

202 5.391 2905 2887 10.07 9159 9865

203 5 .391 2905 2897 10.07 3395 965 3

80'' 5 .47  6 2951 2907 10.23 7873 9462

5 ro 6 .389 3443 3186 8 .95 9951 10373

6.50 9 3508. 3-425 9.12 9125 10103

207 6 .509 3508 3435' 9 .12 8296 9865

=-03
6 .765 3648 3584 9 .48 790 3 9653
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TAELE - Al-56 

LIQUID SYSTEM = WATER

TYPE OF CONDENSER = DIVERGING-CONVERGING TUBE 

VAPOUR TEMP. (T ) = 100°C

Serial Coolant Ko. of Average Coolant* AvgT* Avg.
No. Rate Diverging Temperature Wall Conden- ATf “

/h r  -Conver- Inlet Outlet A T  Temp, sate
ging Units (T •) (T ) (t ) Tenro. T - '

C "C CC °C

(0) (1) (2)
—. _______

(3)
___________________

(4) (5) (6)

809 100 (99.225) 40.0 48.1 8 .1 84. 0 94 8 .0

810 200(198.45) 40.2 44.5 4.3 82.0 92 9 .0

811 300(297.70)

One

40.5 43.5 3.0 79.0 91 10.5

812 400(396.90) 40.0 42.4 2 .4 75.0 90 12.5

813 100(99.225) 40.5 57.5 17.0 83.0 93 8 .5

814 200(198.45) 40.0 48.9 8 .9 81.0 92 9 .5

315 300(297.70)

Two

40.0 46.2 6 .2 79.0 91 10 .5

816 400(396.90) 40.2 45.0 4.8 76.0 90 12 .0

317 100(99.225) 40.0 63.0 2 3.0 84 .0 93 8 .0

818 200(198.45) 40.2 52.2 12.0 82.0 92 9 .0

B19 300 (297.70)

Three

40.0 48 .0 8 .0 81 .0 91 9 .5

320 400(396.90) 40.5 46.5 6 .0 79.0 91 10 .5

821
100(99.225) 40.0 67 .5 27 .5 86.0 94 7 .0

822
200(198.45) 40.0 54.8 14.8 84 .0 92 8 .0

323
300(297.70)

Four
40.5 51.0 10.5 82 .0 92 9 .0

824
400(396.90) 40.5 48 .5 8 .0 80 .0 91 10 .0



314

TABLE — Al-56 (contd.)

Serial

No.

Average
Conden­
sate
Rate

Heat - 

Released 
by vapour

Heat -

Received
by

Coolant

Heat - 
Flux (q )

A
X I0 " “" '

h . , , 
iact_,

HiXpt .

Kcal

4-idctm,
Theo.

Kcal

Kg/hr K cal/h r Kcal/hr
p

Kcal/hr ,m" hr.m2 . ° C hr.m2 . °C

(0) (7) (8) (9) (10) (11) (12)

809 1 .513 815 804 8 ,48 10599 10683

810 1.60 5 ■ 864 853 9 .00 9988 10 373

811 1.725 930 893 9 ,67 9215 9981

812 1 .906 1027 953 10.68 8548 9555

813 3.194 1722 1687 8 .90 10539 10522

814 '3.317 1788 1766 9 .30 9791 10233

815 3 .520 1897 184-6 9 .86 9399 9981

816 3 .670 1978 190 5 10.30 8575 9653

817 4 .423 2384 2282 8 .2 6 10 3 35 10683

818 4.662 2512 2381 8 .71 9680 10373

819 4 ,726  . 2547 2 382 8 .83 9298 10233

820 4 .72  6 2 547 2382 8.8.3 8413 9981

821 5 .227 2817 2729 7 .33 10468 11045

822 5 .5  64 2999 2937 7 .80 9751 10683

823 5 .948 320 6 3126 8 .3 4 9266 10373

824 6 .05  3 3262 3175 8 .4 8 8485 10103
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TABLE - Al-57 

LIQUID SYSTEM = WATER '

TYPE OP CONDENSER = DIVERGING-CONVERGING TUBE 

VAPOUR TEMP. (T .) = 100°C

Serial Coolant No. of Average Coolant Avg. Avg. » 
No. Rate Diverging Temperature VJall Conden- f

(kg/hr) ' lTi J n 0 j " v .

l i t /h r  -Converg- outlet A t  TemP- sate
m g  Units (T^  (J ) (TJ  Temp T 7 - T

T o r
°c °C °C °C

(1) _ ( 2 j _ ____ ... ... __ (3) _____ "Ja T ' Z " X s r ; .....(bl

825 100 (98 .807) 50.5 58.1 7.6 88 .0 95 6 .0

826 200 (197 .614) 50.0 53.9 3.9 86 .0 9 4 .5 7.0

827 300 (2,96.421)
O'oe

50.2 52.8 , 2 .6 84 .0 92 8 .0

828 400 (395 .228 ) 50.0 52.1 2.1 8 2.0 92 9 .0

829 100 (98 .807 ) 50.8 ■65.3 14.5 88 .0 94 6.0

830 200 (197 .614) ' 50.5 58.7 8 .2 85 .0 93 7 .5

831 300 (296 .421 )
Two

50.0 55,6 5 .6 83 .0 93 - 8 .5

832 400 (395 .228 ) 50.0 5 4.2 4.2 82 .0 92 9 .0

833 100 (98 .807) 50.0 68.6 18.6 90 .0 95 5 .0

834 200 (197 .614 ) 50.0 60 o 0 10.0 87 .5 9 4 .5 8 .2 5

835
Three

300 (296 .421) 51.0 58.0 7.0 8 6 .0 93 7 .0

836 4 00 (395 .228 ) 50,2 55 .6 5 .4 84 .0 92 8 .0

837 100 (98 .807) 50.0 74.0 24.0 90 .0 56 5 .0

838 2 00 (1 97 .61 4 )  _
Four

50.0 62.8 12.8 83 .0 95 6 .0

839 300 (296 .421 ) 50.5 59.0 8 .5 87 . B 9 4 .5 6 .5

340
400 (395 .228) 50.5 57.0 6 .5 86 .0 94 7 .0
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TABLE — Al-57 (contd.)

Serial Average Heat Heat I-Isat

No. Conden- Released Received Flux (q)
h.

idct
sate
Rate

by vapour by
Coolant

X10
Expt. 

Kcal

kg/hr  

(0) (7)

825 1. 396

K cal /h r

(8)

753

He al/hr Kc al/h r; m2 hr.m^,°C

(9)

751

(10) (11)

13058

837 4 .600 2479 2371 6 .45 12896

838 4 .8 25 2600 2529 6 .76 11271

339 4 .825 2.600 2549 6 .76 10404

840 4 .929 2 656 2569 6 .91 ‘ 9869

hidctTheo

Kcal 

hr.m6 . °C

(12)

11479

826 1 .468 791 771 8.20 11757 11045

827 1.468 791 771 8 .22 10287 10683

828 1.582 8 52 830 8 .86 9849 10373

829 2 .782 1499 1433 7.80 12997 11479

830 3 .053 164-6 1620 8 .56 11417 10856

831 3 .136 1690 1660 8 .80 10343 10522

832 3 .136 1690 1560 8 .80 9768 10373

833 3 .450 1859 18 38 6 .45 12894 ' 12015

834 3 .876 2089 1976 7.24 11592 11363

835 3 .876 2 089 2075 7.24 10350 11045

836 4 .2 07 2267 2134 7 .86 9828 10683

12015

11479

11252

11045



TABLE - Al-58 

LIQUID SYSTEM = ETHYL ACETATE

TYPE OF CONDENSER = DIVERGING--CONVERGING TUBE 

VAPOUR TEMP. (T ) = '77.1°C

g ^V r ^ o o 'la n t  No. of  Average Coolant Avg. Avg. ^  T
Rate Diverging Temperature Wall Conden- f

/■, -Converg- T , , „ , ,  , > m Temp, sate T
ll1^ r ing Units ^  A T ( T j  Temp. S r _ ,

<kg/hr) 1 °c "C

- m — T f s ------- m ~ — -----t?)--------ro rsr— re:
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84-1 100 (99 .568) 30.5 33.3 2 .8 52.5 67 12.30

842 2,00 (199 .136) 30.0 31.4 1.4 50.5 65 13 .30

843 300 (298 .70)
One

30.0 31.0 1.0 48.5 64 14.30

844 400 (398.27) 30.2 31.0 0.8 45.5 63 15 .80

845 100 (99 .560 ) 30.2 34.8 4 .6 56.5 . 69 10 . 30

846 200 (199.136) 30.5 33.2 2 .7 52 .5 67 ' 12 .30

847 300 (298 .70 )
Two

30.0 31.9 '1.9 50 .5 65 13 .30

848 400 (390.2  7) 30.5 32.0 1.5 48 .5 64 14 .30

349 100 (99 .568) 30.0 36.8 6.8 56 .5 69 ' 1 0 .3

850 200 (199 .136 ) 30.0 33.8 3 .8  ■53.5 67 11 .8

851 300 (298 .70 )

Three
30 .5 33.1 2 .6 51 .5 65 12 .8

852 400 (398 .27) 30.5 32 .6 2 .1 49.5 ■ 54 13 .8

«... — --- - — --—

853 100 (99 .568) 30 .0 39.3 ■ 9 *3
56 .5 58 10 .3

854 200 (1 99 .13 6 ) 30 .5 35.6 5 .1 53 .5 66 11 .8

855 300 (298 .70 )

Four
30.2 33.8 3.6 51.5 65 12 .8

856 400 (398 .27 ) 30.5 33,4 2 .9 49 .5 64 1 3 .8
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TABLE - Al-58 (contd.)

Serial

No.

Average
Conden­

sate
Rate

Heat - 
Released 
by vapour

Heat -
Received
by
Coolant

Heat - 
Flux (cj) 

_ &
XI0 '

h. , , 
idct_ . 

i^xpt.

Kcal

kg/hr K cal/hr Kcal/hr
2

Kcal/hr .m hr.m2 . °C

(0) (?) (8) ' (9) do ) ■ (11)

841 3 .176 280 279 2.91 2 368

'842. 3 .306 291 279 3.03 2 276

843 3 .521 310 299 3.2 2 ' 2255

844 3.811 335 319 3.48 2206

845 5 .2 2 6 460 458 2.40 2 32,3

846 .6.113 5 38 5 37 2.80 2 275

847 6 .480 572 568 2.97 2237

848 6 . 394 606 597 3.15 2 20 5

. . . .. . ---- — — — ------ ■—

849 7 .900 695 677 2.41 2 340

850 8 .7 5 6 771 757 2 .67 2266

851 9 .127 803 111 2.78 2176

852

853

9 .818  

10 .623

864 

9 35

836

926

3.00

2 .43

2171

2361

854 11.571 1018 1016 2 .65 2 244

855 12.461 1097 10 75 2 .85 2 22 9

' 856 1 3 .2 2 4 1161 1155 3.02 2188

nidct
Theo

Kcal

C (

(12)

2133 

2092 

2054 

2004 .

2230 

2133 

2092 

20 54

2230

2155

2112

2073

22 30 

2155 

2112 
20 73
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' TABLE - Al-59 

LIQUID SYSTEM = ETHYL ACETATE

TYPE OF CONDENSER = DIVERGING-CONVERGING TUBE

7 7 . 1 °CVAPOUR TEMP.' (T ) 
v

Serial Coolant 
No. Rate

Li t /h r

(kg/hr)

(°) j O

857 1 00 (99 .225 )

258 200 (1 98 .45 )

859 300 (297.70)

860 400 (396.90)

No. of 
Diverging 
-Converg­
ing Units

(2 )

Average Coolant Avg. Avg. 
Temperature Wall Conden

AT,

One

Inlet 

('T ' )

Outlet

(T ) 
o

A T
Temp.

(T ) 
w

sate 
Temp. T

V

I

2

_ !_Cra___ °C °C ■ C

(3) (5) (6)

40 .0 4 2 .0 2 .0 61 .Q 71 8 .05

40 .5 4 1 .6 1 . 1 58 x> 69 9 .55

40 .5 4 1 .3 0 .8 56 .5 68 10 .30

40.0 40 .6 0 .6 55 .5 67 10 .80

w

861 100 (99 .225) 40 .0 4 3 .2 3 .2 6 4 .0 72 6 .5 5

862 200 (198 .45) 40 .5 42 .2 1 .7 6 3 .0 70 7 .0 5
Two

863 300 (297 .70) 40.0 4 1 .3 1 .3 61 .0 69 ■ 8 .0 5

864 400 (396.90) 40 .2 4 1 .2 1 .0 6 0 .0 68 8 .5 5

8 65 1 00 (99 .225 ) 40 .0 4 4 .8 4 .8 6 4 .0 71 6 .55

86 6 200 (198 .45) > 40 .0 42 .5 2 .5 6 3 .0 71 7 .0 5
Three

867 300 (297 .70 ) 40.2 4 2 .0 1 .8 6 2 .0 70 7 .5 5

868 400 (396 .90) 40.0 4 1 .4 1 ,4 6 1 .0 70 8 .0 5

869 10 0 (99.22 5) 40 .5 4 7 .0 6 .5 6 4 .0 71 5 .5 5

870 2 0 0 (1 98 .45 ) 40 .0 4 3 .7 3 .7 6 2 .0 71 7 .5 5
Four

871 300 (297 .70 ) 40.0 42 .7 2 .7 6 0 .0 70 8 .5 5

872 400 (396 .90 ) 40 .2 4 2 .3 2 .1 5 9 .0 69 9 .0 5



3 2-0

TABLE - Al-59 (co n td .)

Serial

No.

Average
Conden­
sate

Rate

Heat - 
Released 
by vapour

Heat -
Received
by
Coolant

Heat - 
Flux (q )

-4
X10

4-idct„ , 
Expt.

Kcal

^idct™
Theo.

Kcal

kg /hr
K cal/hr

Kcal/hr K cal /h r .m 2 hr.m2 * °C hr .m 2 . °C

(o) . (v) (8) (9) (10) (11) (12)

857 2 .382 210 198 2 .1 8 2556 2372

858 2 .613 230 ' 218 2 .3 9 2560 2273

859 2 .842 250 2 38 2 .60 2525 2230

860 2 .092 255 2 38 2 .65 2457 2203

861 3 .724 328 318 1 .70 2605 2497

862 3 .904 344 337 1 .7 9 2538 2452

863 4 .438 391 387 2 .0 3 2527 2372

864 4 .563 ■401 397 2 ,0 9 2440 2336

865 5 .4 9 1 483 476 1 .6 7 2557 2497

866 5 .7 8 5 509 496 1 .7 6 2504 2 452

867 6 .159 542 536 1 .88 2 490 2410

868 6 .4 16 565 556 2 .0 0 2 434 2372

869 7 .3 6 4 6 48 645 1 ,6 9 2573 2497

870 8 .4 1 6 741 734 1 .9 3 2553 2410

871 9 .2  57 815 304 2 .12 2 480 2336

872 9 .5 2 9 839 833 2 .1 8 2411 2303
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TABLE - Al-60 

LIQUID SYSTEM = ETHYL ACETATE

TYPE OF CONDENSER = DIVERGING-CONVERGING TUBE 

VAPOUR TEMP. (T -) = 77 .1 °C

Serial Coolant’ No", o f  " Average Coolant Avg. Avg.
No. Rate Diverging Temperature Wall Conden- f

L it /h r  -Con^ ery- 
m g  Units

(Kg/hr)
H

Hj 
H

 
Hi

. 
CD
 

ft Outlet
(T ) 

o

■£lT
Temp

CT )w

sate 
Temp. T - ' 

v
2"
r'Co r~ °C °C

T o ) CD l2)___ _a .____ “ 0 1 7 “_____ ...ZHL1ZHEZ lei

873 1 00 (98 .807 ) 50 .0 5 1 .6 1 .6 65 .0 71 .0 6 .0 5

874

875

200 (197.614) 

300 (296 .421)
One

50 .0 

50 .5

5 0 .8

5 1 .1

0 .8

0 .6

6 4 .0

6 2 .0

7 0 .5

7 0 .0

6 .55

7 .5 5

876 400 (395.228) 50 .5 51 .0 0 .5 6 1 .0 7 0 .0 8 .0 5

877 100 (98 .807) 50 .2 52. 6 2 .4 68 .0 72.0, 4 .5 5

878

879

200 (197.614) 

300 (296 ,421)
Two

50.5

50 .0

5 1 .8

5 1 .0

1 .3

1 .0

67 .0  '

65 .0

71 .5  

71 .0

5 .0 5

6 .0 5

880 400 (395.228) 50 .0 50 .8 0 .8 6 4 .0 71 .0 6 .5 5

881 100 (98 .807 ) 50 .5 5 4 .0 3 .5 6 8 .0 72 .0 4 .5 5

882

883

200 (197 .614) 

300 (296 .421)
Three

50 .0 

50 .5

5 1 .9

5 1 .8

1 .9

1 .3

6 7 .0

66 .0

7 1 .5

71 .0

5 .0 5

5 .5 5

884 400 (395 .228) 50 .0 51 .1 1 .1 6 5 .0 7 1 .0 6 .0 5

885 100 (98 .807 ) 5 0 .0 54 .8 4 .8 6 8 .0 7 2 .0 4 .5 5

885

887

200 (197 .614 ) 

300 (296 .421 )
Four

5 0 .5

50 .5

53 .2

5 2 .4

2 .7

1 .9

6 7 .0

6 6 .0

7 1 .5

71 .0

5 .0 5

5 .5 5

888 400 (395 .228 ) 5 0 .0 5 1 .5 1 .5 6 5 .0 7 0 .0 6 .0 5
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t a b l e Al-60 (contd*)

Serial Average 
No* Conden*- 

sate 
Rate

Heat ~ Heat a 

Released Received 
by vapour by1

Coolant

Heat ~ 
Pllix (q) ^idct^ . ; 

Expti

Kcal .

h . , ,

Theo.

Kcal

kg/hr Kcal/hr Kcal/hr Kcal/hori2 hr irtt2 . °C hrim2 i °C

(o) (7) (8) (9) (10) (11) (12)

873 1 .873 165 158 1.72 2838 2547

874 1 .928 170 158 1.77 2700 2497

875 2 .160 190 178 1.97 2618 2410

876 2 .250 198 198 2 .06 2559 2372

877 2 .7 93 246 237 1*28 2813 2735

878 3.000 264 257 . 1 .37 2720 2665

879 3 ,446 303 296 1.58 2605 2547

880 3 .640 320 316 1.67 2542 2497

881 4 .154 366 ■ 346 1.26 2790 2735

882 4 .30 396 375 1.37 2720 2665

883 4 .765 419 385 1.4-5 2618 2603

884 5 ,063 446 434 1.55 2557 2547

885 5 ,5 86 4-92- 474 1.28 2813 2735

886 6 .113 538 534 1.40 2771 2665

887 6 .416 565 563 1 .47 264-8 2603

888 6 .750 594 593 1.55 2554 2547

ro
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^ H a l ^ o o T a n t  W c ^ o f ^ ~ ~ ^ e r e g e ^ C o o  lant Avg. Avg. =
No. Rate Diverging Temperature Wall Conden- f

-Cnnvsra- _ , . _ , , , * m Temp, sate

TABLE - Al-61

LIQUID SYSTEM = CARBON - TETRA - CHLORIDE

TYPE OF CONDENSER = DIVERGING-CONVERGING TUBE

VAPOUR TEMP-. (T ) = '7 6 .7 5 °C

(kg/hr)

“~ToT~
— --

“ T 3 T ” “147“ (5) ““T e l
---------- - -— ’ r

889 100 (99 .568) 30.5 3 2 .6 2 .1 5 1 .5 66 12 *625

890 200 (199 .136)
One

30.0 3 1 .1 1 .1 4 9 .5 65 13.625

891 300 (2 98 .70 ) 30.2 31 .0 0 .8 4 5 .5 63 15 .625

892 400 (.398.2 7) 30.0 30 .6 0 .6 43 .0 62 16 .875

(393 100 (99 .568 )

894 200 (199 .136)

Two
895 3 0 0 (2 98 .70 )

896 400 (398 .27 )

897 1 0 0 (9 9 .5 68 )

898 2 0 0 (1 99 .13 6 )

Thre
899 3 0 0 (2 9 8 .7 0 )

900 4 0 0 (3 9 8 .2  7)

901 1 0 0 (9 9 .5 6 8 )  30 .5  37 .2  6 .7  5 6 .5  67

902 2 0 0 (1 9 9 .1 3 6 )  30 .0  3 3 .6  3 .6  5 4 .5  66
Four

903 3 00 (2 9 8 .7 0 )  30 .0  32 .5  2 .5  52 .5  65

904 4 0 0 (3 9 8 .2 7 )  30 .5  3 2 .4  1 .9  5 0 .5  64

1 0 .1 2 5

1 1 .1 2 5

1 2 .1 2 5

1 3 .1 2 5

30 .0 33 .7 3 .7 54 .5 68 11 .125

30.2 32 .1 1 .9 52 .5 66 12 .125

30.0 31 .3 1 .3 50 .5 65 13 .125

30.2 31 .2 1 .0 4 9 .5 64 13 .625

30.0 35 .0 5.-0 5 6 .5 67 1 0 .12 5

30 .5 3 3 .1 2 .6 5 4 .5 66 1 1 .12 5

30.5 32 .3 1 .8 5 2 .5 65 1 2 .12 5

30 .8 32 .2 1 .4 51 .5 64- 1 2 .6 2 5
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TABLE - Al-61 (contd.)

Serial Average 
No. Conden­

sate 
Rate

Heat - 

Released 
by vapour

Heat —
Received
by

Coolant

Heat - 
Flux (g) 

-4
xio ■

h . , 
ldct^ , 

Expt

Kcal

h . , 
idctm,

Theo,

. Kcal

Kg/hr Kcal/hr Kcal/hr Kcal/hr .m2 hr.m2 . °C hr.m 2 , °C

(o): (7) (8) (9) (10) (11) (12)

839 4 .4 99 212 209 2.21 1747 1893

890 4 .7 6 4 223 219 2.32 1702
•»

1858

891 5 .062 239 239 2 .49 1591 1795

892 5 .2 99 250 239 2 .60 1541 1761

893 7 .875 372 3 68 1 o 94 1740 1954

894 8 .4 62 400 , 378 2.08 1716 1913

895 8 .5 4 1 406 388 2.11 1609 18 75

896 8 .8 5 9 418 398 2 .17 1596 1858

897 10 .698 505 498 1 .75 1730 2001

898 11 .571 546 518 1 .89 1702 1954

899 12 .063 570 538 1.98 1630 1913

900 12 .06 3 570 558 1.98' 1567 1894

901 14 .354 678 667 1 .76  . 1742 2001

902 1 5 .534 734 717 1.91 1716 1955

903 15 .971 754 747 1 .96 1618 1913

904 16 .67 6 787 757 2 .05 1560 1875
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LIQUID SYSTEM = CARBON' - TETRA - CHLORIDE 

TYPE OP CONDENSER = DIVERGING-CONVERGING TUBE

TABLS - Al-62

VAPOUR TEMP.(T ) :
V = 7 6 .75°C

Serial Coolant 

Uo'. Rate

L it /h r

(Kg/hr)

No .or 
Diverging 
-Converg­

ing Units

Average Coolant' 

Temperature

Inlet Outlet A T
(T‘ ) (T )

1 o

Avg.
VJall 
Temp,
(T )

w

Avg. 
Conden- 

, sate 
Temp.

=

T - T1 
v w

2

~To7~~
°C °C ... "c °C

(27 ' (37'"" nrr~ "167— “ '

'905 100 (99 .225 ) 40.0 41.7 1 .7 58 .0 68.0 9 .3 75

9G6 200 (193 .45 )
One

40.5 41.4 0 .9 55*5 67.0 10 .625

907 300 (297 .70) 40.2 40.9 0 .7 53.5 6 5 .5 11 .62  5

■ 908 400 (396 .90 ) 40.0 40.5 0.5 50.5 65 .0 13 .125

909 100 (99 .225 ) 40.0 43.0 3.0 60 .0 69 .0 8 .3 7 5

910 200 (198 .45 )
Two

40.0 41.6 1.6 59 .0 68 .0 8 .8 7 5

911 300 (297 .70 ) 40.8 41,9 1.1 58 .0 66 .0 9 .3 75

912 400 (396 .90 ) 40.5 41.4 0 .9 55.5 66 10 .625
^ _

913 100 (99 .225) 40.5 44.7 4.2 62 .0 69*0 7 .375

914 200 (198 .45 )
Three

40.5 42.7 2.2 60 .0 68.0 8, 375

915 300 (297 .70 ) 40.0 41.6 1.6 59.0 6 6 .5 8 .8 7 5

916 400 (396 .90 ) 40.5 41 .7 1.2 58 ,0 6 6 .5 9 .375

917
100 (99 .225 ) 40.5 4 6 .1 5 .6 62 .0 6 9 .0 7 .375

918 200 (198 .45 ) 40.0 43.1 3.1 60 .0 6 8 .0 8 .3 7 5

919
300 (297 .70 )

Four
40.2 42 .4 2.2 58 .0 6 7 .0 9 .3 7 5

920
4 00 (396 .90 ) 40.0 41.8 1.8 55 .5 66.0 10 .625



TABLE — A l-6 2  (c o n td . )

Serial Average 
Noi C onden­

sate 
Rate

H e a t  - Heat - 
R e l eased Received 
b y  v a p o u r  by

Coolant

Heat - 
Flux (q)

XI0“ 4

4.idct^
£.xpt.

Kcal

h . , , 
ldctTheo.

Kcal

- K g / h r K c a l / h r Kcal/hr Kcal/hr.m2 hr.m2 .“C h r . m 2 .°C

(0 ) (7) (8 ) (9) (1 0 ) (1 1 ) (1 2 )

905 3.779 179 169 1.86 1987 2040

906 4.199 198 179 2 „ 06 1939 1977

907 4.42 9 209 208 2.17 1871 1933

908 4.805 227 198 2.-36 1799 1875

909 6.671 315 298 1.64 1957 2098

910 6.915 327 318 1.70 1917 2068

911 7.087 335 327 1.74 1859 2040

912 7.662 362 357 1.88 1773 1977

913 9.000 42 5 417 1.47 1999 2166

914 9.776 462 437 1*60 1913 2098

915 10.125 478 476 1 . 6 6 1868 2068

916 10.309 487 476 1.69 1802 2040

917 11.812 558 556 1 *45 1968 2166

918 13.186 623 615 1.62 1935 2098

919 14.354 673 655 1.76 1881 2040

920 15. 534- 7 34 715 1.91 1797 1977



^riid!'*^oo”lari’t No.of Average Coolant Avg. Avg. _
m Rate Diverging Temperature VJall Conden- ±
°* / -Converg- T - , n . 1 . Arp Temp.sate T _ T

Lit/hr • units ^ (t  ) Temp.lilg UilXUti (rp,) (l' ) W

.(■Kg/hr) °C °C °C

T o r — c d ... — — (2 )— . 3 1
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TABLE -  A l-63

LIQUID SYSTEM = CARBON -  TETRA -  CHLORIDE

TYPE OF CONDENSER = DIVERGING-CONVERGING TUBE

VAPOUR TEMP. (T ) = 76.75CC

V  __w

2
C

921 100 (98.807) 50.0 51.4 1.4 62 .0 70 .0 7.375

922 200 (197.614) 50.0 50.7 0.7 60 .0 68.5 8.375

923 300 (296.421)

One
50.5 51.0 0 .5 59.0 67.0 8.875

924 400 (395.228) 50.5 50.9 . 0.4 56.5 66.5 10.125

925 100 (98.807) 50.0 52.2 2.2 56.0 71.0 5.375

926 200 (197.614) Two
50.0 51.2 1.2 64.0 68 .5 6.375

927 300 (296.421) 50.5 51.4 0.9 62.0 6 8 . 0 7.375

928 400 (395.228) 50.5 51.2 0.7 ' 60 .0 57.0 8.375

929 100 (98.807).

930 200 (197.614)

931 300 (296.421)

932 400 (395.228)

Three

933 100 (98.807)

934 200 (197.614)

935 300 (296.421) 

935 400 (395.228)

Four

50.5 54.2 3.7 64.0 70.0 5.375

50.0 52.0 2.0 63.0 69.0 6.875

50.0 51.4 1.4 62.0 68 .0 7.375

50 .0 51.1 1.1 60 .0 67.0 8.375

50.0 54.7 4.7 65.0 71 5.875

50.0 52.6 2.6 63,0 70 6.875

50.5 52.3 1.8 62.0 69 7.375

50.2 51.6 1.4 61.0 68 7.875



328

1ABL.S -  A l-53  (c o n td .)

Serial Average H e a t  - Heat - Heat - - -
Ko. Conden- Released Received Flux (a) i a c t „  i d c t ™

sate by v a p o u r  by . - 4 ' E x p t * lheo
Rate Coolant Kcal __ _K cal

K g/hr K c a l / h r  Kcal/hr K c a l / h r . hr.m^.°C hr.m^.°C

(0) (7) (8) (9) (10) (11) (12)

921' 3.115 147 138

922 3.335 158 138

923 3 . 478 164 148

924 3.635 172 158

925 4.603 218 217

926 5,250 248 ■ 237

927 5.72 7 271 267

928 6.231 2 94 2 77

929 8.10 0 • 382 366

930 8 .463 400 395

931 8.859 418 415

932 9.295 439 ’ 435

933 9. 947 470 464

934 11.009 52 0 514

935 11,812 558 5 34

936 11.812 550 553

1.53 2073 2166

1. 64 1952' 2098

1.71 1923 2068

79 1767 2001

13 ' 2110 2344

29 2024 2 246

41 1911 2166

53 1826 2098

32 2078 2246

39 2018 2204

4.5 1966 2166

52 1818 2098

22 2081 2293

35 1967 2204

45 1963 2166

45 1843 2130
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APPENDIX -  IV .
3 3 2

Solution of Equations Involved in Mathematical

A n a l y s e s .

I V . 1 Solution of Equation (3.2.14)

Rewriting equation (3.2.14)

2

:d 3 A  k (T -T )
V  W

Lx J • [d(1 -d }] ...(3,

2
_  , T f  g  A  C O S  0  -  

where, X  = 1 ---------------- I
L . J  *• 3 .U V  (rp - T  )3/kk (T ~T )

7 V  V/

3
Let, c*' - 1 d

1/3 1/3 ,
Again, '& = 1  . o

Prom equation (3.2.14a) it follows,

l 4 / 3 .dl f -
■= [xj .

1/3

2.14)

2.14a)

/
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B.C. 1 — 1^ / s d = o. = o

1 =  1

Integrating,

-&

l4 / 3 .dl [ X 1 . f  i ?
1/3 . d-&>-

^  (1 7/3 - x / 3 ) = [xl . 4  ( x *  )

4/3

4

7 F I

Therefore,

7/3 _ 17/3 } = (1 £  )4/3 = £>

7/3

C 4
d “

or
• V f 7 fx]

7 [X ]

7 [XIJ

4
r 1

•
x4/3

% 7/3 7/3

r 1 11 1
• l4/3 J

7 *f

• 1 - c
X 1 n 1/3
4

1

4

*d

'4



(Because/ r = 1 sin @ )

Substituting for £x] ,

( 4 x 3 ) > l c ( T v - T w )

d
r { l - £ ) 7 / 3 ?i

"4

r 2 4 A K ( T v -Tv )

i f  g A s i n  2©

. . .  ( 3 . 2 ,

[V»2 » Solution Of Eouation (3.2.19)

Rewriting eauation (3.2,19) we have/

Q,
, (T - T ) . 27\ Idl. s i n ©
id v  w

. . .  ( 3 . 2

'1

Putting the 

1

v a l u e  o f  h w  f r o m  e q u a t i o n  ( 3 . 2 . 1 8 ) ,  w e  h a
ve,

Qa = L C r 2 ^ V v
2 A  <Tv - T „ > - s l n e ] -



w here,

d

7 P  g k~\cos0

12 'v
T ) 
W

1  •
(T.

V

14/3 .dl

?/3_ !7/3 )h

h

,7/3 ,7/3 _ x 
Let, 1 - “ x

7/3 n7/3
1 ' = x + 1 -‘I

differentiating, 1 ’ ~ 7
4/3 a i - dx

x = 0

- T ) .sin 9 
w

So we have,
x

3



Now putting,
r  = 1 s in #

o = - b r
gd 7 d L s i n ©

7/4

1 ‘ tl-( ) 
r

1 ,1/3 -1 3/4

1

Putting the value of ,

7/4

*  <Tv - V - sin 6: I

if- g^ k .cos@ 

12/<(TV - )

1 ' 1 

1 - l -

3/4

Therefore

0= -7\(T -T )^. sin@ 
7 /u v  w

r 7 f ,  g A k J cos 9

r=r„

12 A  
/

7/4
3/4

r r2 -

- sin Q .

i - ( - ) 7/3
r->
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- = |/x (Tv  ~ T w r 4. cosec g j
I f  g A k

24 i  ■ r - 2 ]

7/4

3/4

... (3.2

IV .3 Solution. Of Equation (3.3.8b)

Rewriting equation (3.3.8b), we have,

rclr qAsin 2g_1 . ra (r^  )1
- L e / T k T T - T  ) ■■ J L =

... (3.;

.... (3.:

where, [ Y ]  -
/J q A s i n _ 2 0  1

Let, V'

Again, I?"
1/3 i/3 A= r * & c 

1/3

therefore ,  r

B.C., r = r 2 / ^  “ 0/

r = r
=r. c>

. 20 )

.8b)

.8c)
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Therefore, from equ a tion  (3 .3 .3 c ) ,

,4/3

Integrating,

1 7 3  ' d r  = M  -at>

/> /3 
r v  dr

(  1/3 

j XT di>

(Negative sign has been incorporated since, for converging con< 

section local radius decreases from top to bottom o f  the cone)

[ 2  (rV 3  _ r7/3 ) ] = |  I T ]  < » >
4/3

4/3

or, - r 1 • r
1 7 LTj J L

7/3 7/3
r  2

.4/3 o

or,

7/3 ,7/3
r - r

1 7 3“ 1

1/3

= - [

_4__

7 [ r j

r “ 4/3
r

1

'4

f ___ i_

[7 tv]
f a -  ( ? > 7 / 3 }r

( f 2 , 7 / 3 - 1 ( i ]

1,
4̂



Substituting  for Cr 1 -
h

K
f 24 K ( T  -T ) M  4

x V  W  '

if 2 g A  s i n 2 0
1 • [. { < - ^ > 7/3 - U .

... (3.3.9)

IV.4 Solution Of Equation (3.3.13a)

Rewriting equation (3.3.13a) we have,

Q
c

r2

r

' v,' (v - T ) 2 7\ r. co sec &  dr 
nic V  V7

... (3.3.13

J

r2 (Since, r = 1 sin 0  )

£rom equ a tion  ( 3 . 3 . 1 1 ) ,  we  have,
Now p u t t i n g  the value o j_c



3 4 0

* •  j
r„ 7/3

' I ' r i  - 1 )

. r d r ,

2 3 
7 g A k  sin 20 ~j

where, B c = [ ' i ' T T p F ' ' ~ ~ 1  J *
V w

(T -T ).2 7v .cosecQ  
v  w

Let/ (rv

differentiating, I  r4 / 3 . dr ax

. dr =

B.C. r = r 0 / x  - 0

Therefore,

Q_ = B„ r 4/3
r dr

x
r 3

7/3 7/3
(r - r ) 

2

= B
dx

x
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4 7/3 7/3 3/4

- 7 B c * (r2 ~ r )

3/4

7 B c * }]

Therefo re ,

Q,

2 - ■ 3/4
I J L ^ d s i n j e j  t ( } <cosec

24 A  W

r=i~

(r^)

3/4

7/4 r 7/3

. [ ( 7-) - 1 J * * *

IV.5. Solution Of Equation (3.3.8'C)

Rewriting equation (3.3.8c)

rdr

K

where, f Z ]

= [ Z ]  . C d(r c>c ) j

2

6/tk (Iv- V

3.14)



3 4 2

di f fe rentia ting,

3
d (r c> ) = di

1/3
Therefore/ V / &  \ '

c r

Thus, we have.

4/3 1/3
r . d r  = [z ] . \? . di>

, 3

B.C. r = r9 / C>= c>2 / r 2 ^2 = V 2 ^s a y ^

3
t C, 19'= r = V  (say)

r = r , a c r*2fc ' ■ c
Integrating v 1/3

- ^  r 4/3 dr = [ Z  ] yf V dv.

(incorporating negative sign in the integration

converging cone, local radius decreases from top to b o t t o m

of the cone)

4/3 4/3
3 r 7/3 7 / 3 1 _  2  rz ] . f v  - v 2 j •
7 l r 2 “ r  4 !' ZJ L

3 4/3 , 3 . 4/ 3
3
4

|Z 1 . [<r ) ^r 2 2 J-

1 4 / 3  c 3 4/3 4/3 4

7/ 3 7/3, + (r, ^  > = <r - ^ c  > = r •

7 [ z j

/
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S  _ f.. 4 (r2 ' r ) r, ^  4/3 ]
°r ' ° - " L 7 [ 2 ]  • ^ 4 7 3 ------ J

7/3 7/3 %

Substituting for, [z J

7/ 3 ? / 3 c 3 4 / 3

s = r 24A k(W  # (r 2 - r ) + ( r 2 2 } ]
c *■ 7 ^  />■2 g  Sin 2e * r 4 / 3  r

IV ,6. S o l u t i o n  Of Equation (3 = 4.6)

Rewriting equation (3.4.6), we have

r -Jj

/  4 7 / 3  7 / 3  ^  4 / 3  4

Qc = - 2 ^ k ( T v - T w ) . c o s e c Q  \ f T J z ]  (r2 " r } + r2 - 2  -

r
2

.r
dr ... (3.4.6)

4 / 3
= xr , , 7/ 3 7 / 3 1 , r h i  1

Let, I — i —  [ r2 - r S ■ r2 2 j
7 [Z'J

differentiating,

4 |"7 r A' 3 ] dr - dx

7 f z ]
4 / 3  3

r
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4/3 4

B.C. r = r 2 * x  “ r2 • ^ 2  = ’ X 2

r 4 7/3 7/3. 4/3 4

f r T i  (r2 " r ’ + r2 • ”̂2 i-
t z l

r = r, X  — ■ 1 ~ ~ v* ■ j -  r- .  X .

Therefore/ we have from equation (3.4.6),

x

-h

Q„ = - 2 7^k (Ty  - T w  ).cosec &  . \ x (“«• ̂ [z]
c

= + 2 7\k (T - T T ).cosec0  . 4 Cz 1

x2

X

.1-

X
v w

X 2

2 i > k  (Tv  ~ T w  ).cosec e

3/4 3/4

. £ z ]  . 0  -  x 2 ]

Qc = 2 7fk (Tv -Tw ) .cosec‘0  • I (T^  _

2

3/4
V  3 47/3 > 7/3 s 4/i y  , 

r ( 2 4 A k A T _ --- . - r  ) ■+'r * 2 3

L I 7(A p 2 g  s i n  2«3

4/3 S 4 7 / 4  1
- (r2 * ) J
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7/3 7/3 
24A * ( T v-Tw )(r2 - ^  )

3/4

r=r,

7 A f* g sin 20

( r f . %  ) V 4  J .

. 4/3 s" >
r 2 2 j

NOW/ n — P
z L?

24/tk (T -T ) 
/ v  w

■7 p  g A sin 2 6

7/3
I
1 ]

or/ o L  =

24/xk(Tv -Tw )

^ 7 f’2 g A sin 2 0  *

7/3

r2 i 1-  < £■ > i ]

“ [

24A k < V Tw )

i f  g A sin 2 ©

7/3 7/3

4/3 1

4/3 4 
« ,  f

:4ykk

7/3 7/3
(T -T ) (r9 - r 1 ) 

V  w  2_____ 1 ]

Therefore,

1/3 3/4

3/i.

(r^

4/3

2 " /° % 4/3

) - (r2

V *

. h i  > 4 3
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2 'A /' g > co s Q
[ (2) -1 ] . (r2 . ^ 2  }

2 K  r  g ^  C O S ©  

3 M

4 /3  ^  J
• 0 .681 ,(r2 . 3  2 ■*

Therefore,

.,-,2 i 3 v a (rr, „ T )3 (r7//3- r 7//3) 3 ,* r A  g u „ ~ i w ; . vr2

Q,
V w

/ ^  ( sin 2 0  )

r=r^ .. * (3.4.7)

I V . 7. Solution Of EquauioLon (3.5.5).

Rewriting equation (3.5.5)/ we have,

h.
ia

p 2 g ̂  k 3 sin 23

r f f "-
0 . 8  4 . t-

/ir- r n
s f 2

r h i d ( 4H-  
i Re^r * ‘ / %  A

"4

-) ]
. . (3.5.5)

« 3 / 4
or, 7>ld= 0

9 A k J sin 2 0 1 . r Cl-

/ r
R e f / i f X
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1/3

id

‘ 4/3 g \ k 3 sin 29 4-H - 
(0.84) . [ 1 1 ------

L/3

r2 ■ X

- d - a 7 / 3 ) ■

- < l - a V‘/3

Re

4/3 1/3 - P f  g ]4  s i n ^
(0.84) . (8) . | — -------— -----—

. . tan <3

1/3

r H  ~7/ 3 ' 1

[ “ - 4 7 3 — ]- R S f
(l-a“)

-1/3

. f -  a y.3 1/3 c o s s 2 / 3 . (l-a7 / 3 ) (l-a)1/3 

1.585. I-

•1/3

L A 2 "J * t 9 4/3 
( 1-a2 )

R e ,

1/3

h . , .
id 1

= 1.585.
(l-a7 / 3 ) (1-a) 

— p T / 3  
(1-a2 )

1/:

■1/3

= 1.585. fc . R e f

2/3
cos <3 .Ref

... (3.5.6)

.... (3.5.7)

i/:



a p p e h d i x  - V.

D I M E H S IQNAL AHALYSIS

The Condensation heat transfer coefficient m  a 

diverging-converging system has been found to be influenced by 

a number of factors.

348

U, ff / k f , C p/ A / ^  T f '
g c o s i ^ / D  J /  L sin 0)

D i m e n s i o n s  o f  t h e s e  f a c t o r s  a r e  g i v e n  b e l o w .

L

(1) A v e r a g e  F l u i d  v e l o c i t y •  o * e e • ©
M  ■

(2) F l u i d  D e n s i t y ... Pj: • • •
L 3

Q _

(3) T h e r m a l  C o n d u c t i v i t y •»« k ^  ... ? L $

(4) S p e c i f i c  H e a t
... C p  ...

Q

M 7

M

(5) F l u i d  V i s c o s i t y ... /Ag ... liQ

(6) L a t e n t  H e a t ... x
Q
M

(7) A v e r a g e  T e m p e r a t u r e  D i f f e r e n c e  

B e t w e e n  F i l m  a n d  W a l l 7
, L

(8)
A c c e l e r a t i o n  D u e  to G r a v i t y  ...g c o s © . .

e 2

(9) E q u i v a l e n t  R a d i u s
... D e  ... L

(10) F i l m  T h i c k n e s s ... 5 * * * L

(11) L i n e a r  D i m e n s i o n  o f  He 

T r a n s f e r  S u r f a c e

sat. .
, . .L s m  8  . . L

(12) Average Heat T r a nsfer C o e f f i c i e n t  .. . h  .
J L
0 ^



Applying. ^  - Theorem

Cj) ( ^  2 ' 3 »»•••••) = 0

=<f> ((h)? (u)b , k^, #•/*£/ ^ 9/ ^ T f'9 c o s 6 ^ / D q ■/ 

. <e>\ L sin 0^) = 1

3 4 9

-r v Q \ a / L v b ' / M  s C /  Q N d / Q  \ e , £». w  Q
/' = *  < ^ 2 7  > < V  ' ^ s *  ( f ^ ) ‘K ? ’ ( “e ) ( M

( 7  )h ( )1 ( L )J ( L )K ( L ) 
0

SuJnming exponents, we have, 

7 Q  : . a + d + e +  g = . 0

^  M  s c - e ' + f - g = 0 

£ L  s -2a 

y  jD . _a -b -d - f -* 2i = 0

b - 3 c - d - ' f  + i.+ j + k  -r- L - 0

5-7 s - a - d - e + h **0

m a y  be evaluated by simple algebra,
^ 1 , ^ 2 '  * 3

So b y  solving, we have,

a = - i + j + k + L + f “ e * " g * 

b  = e - f + 9 ”.2 i * 

c = e - f + ?•

d = i - j - k - X  -  f 

h  = - g-



Thus,

<j>' [ (h)-i+J+k+lrf-°-9 (3 ) e-f+g-2i (/» ) 2 -f+g

(Cp )0 ( A f )

( X ) g ( ^ T j " 5 ( g e o s © ) 1 (De) ̂  ( b  )k  ( L s i n 0 ) 1 ] = l.

or, Cp' {(h)"1 (u)"21 (kf )X (g cos &  )1 | . ^  (h)J' (kf) (De) ̂  | 

{(h)k (Jtf)"k ( £ ) * ]  { (h)1 (kf)"1 (L s i n e ) 1 ]

{(h)f (5)-f < / f )-f 0cf)-f ( A )fj ■ I5)e (/fi 8 (c

| ( h ) - g ( S ) g  ( f f ) g  ( X ) g  ( A T  )-g:|

or,
,kf 9 C o s #  ± /h De \j /h  c) \k ^h L sin 0 —  ̂

— _ _ — ) ( - _  ) (— ; ^

h  u

h
(
u ft k r

.)f £ £ l z r ) 0 (

k f

U f f X

h A t ,

= 1

or,
, <£cr cos 8 i i  /-h De  ̂ j ('^_2e)k (_
( “ *^“ 2-- } °

k , «£ vk /h Dev 1 fL s in&vl 
{d T } ( k £ ; ■ De

u

/ t
S 5 / %  C „ A f  . i . a ^ f ^ 9 0 0 5 !

4 s  /> S'f

-)g
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Therefore,

(3± cos0)C (£ l £ f _ ) D  ( -C-P-— )E 

u 2 . A  k f

Where, A, are new constants.

Expression (V.l) can be reduced, to tne following form,

L 3 f  ̂  X  g co s 0  n 

f ( A T f > '

in which, o t h e r  dimensionless groups have been neglected, 

since this reduced form is capable of defining th._ system well.

( Pg_ ) = Nu, Mean Nusselt Number ; 

k f

L 3 P 2 “ A g cos Q
' f _____ = c , Condensation Number.

/rf kf ^  T f

’f 1 and 1n 1 are proportionality constant and exponents 

respectively, w h i c h  are evaluated from experimental results.

Here,

and,

( T  )
H

0
- 1 3 P  \ X g co s @  . 
h-Jej = A( /  f. 4 _ ---  )
k. /cf k f a t £
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A P P E N D I X  -VI' .

SAMPLE CALCULATIONS

l) Sample Calculation For Heat Balance (Experimental):

Let us consider condensation of w a t e r  v a p o u r  in a 

d i v e rging cone section. C o n s i d e r  the data from Table AI-1 

and Serial No.l.

Condensate Rate = 3.045 k g / h r  «■

Latent h e a t  o f  vaporization o f  - 538.88 Kcal/kg.

W a t e r

H e a t  Released b y  Condensation = in A

= 3.045 x  538.88 

= 1641 K c al/hr

Tempe r a t u r e  difference of the

Coolant/ ^ T  - = 16.4°C

Coolant Flow Rate = 100 lit/hr = 9 9 . 5 4 8  k g / h r  at 30°C.

Heat Received b y  Coolant = 99.568 x  16.4

= 1633 K c a l / h r

Taking Sp. heat o f  Water, C = 1  Kcal/kg.°C.
ir
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2) ' Sample Calculation For Heat Transfer Area, (Inside And Outside)

F or the diverging Cone o f  0- = 5 e

From Table A T I .  l, we have,

^  = 0,01 m  

r2 = 0.02250 m  

H = 0,144 m

A r e a  of Truncated Cone is given by,

A  = (r1 +r2 ), J  H 2 -[-(r^r^)2

= 0.014860 m 2 

Inside A r e a  of the d i v e rging cone section,

A± = 0.014860 m 2

And, Outside Area of the diverging Cone Section,

A  = 0.016231 m 2
o

where, the thickness of the plate, t = 0.0015 m.

3) Sample C a l c u l a t i o n  for A  T f •

T +T 
v  w

A T f = T f- T w  where, T f = — -

here, Tv  = 100°C, Tw  = 80°C, T f = 10°2+■ - -  = 90°C 

£ T f = (90-80) °C = 10°C.
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Q

4) Sample C a lc u la t io n  f o r  q ,

* = A.
■ X

1641
0.01436

A- , 2
11,04 x  10' Kcal/hr.m

5) Sample C a l c u l a t i o n  For h^,

i) Experimental,

Heat released by v a p o u r  - 1641 K c al/kg

£ T f = 10°C

A. = 0.01486 m 2 
l

h ± = Q / ( A . A T f ) = 1641/(0.01486x10) 

= 11043 K c a l / h r . m 2 .°C

ii) Theoretical,

Heat transfer" coefficient for diverging cone section,

is given by, Rewriting equation^ 2 - 2 - 2 2 )  ,

2 3 .  %  t 7/3
g A  k f Sin20 1 f _______ -| ^  -j

h, .= 0.84 . --- ----— "J • 7“T2; ' 1 r 9 1
' /if r 2 A  f -l- (r1/ r 2 ' ?•)

T a k i n g  the physical and t r a n s p o r t  properties for w a t e r  

from TableAlII-1 o f  A p p e n d i x  - III and ^  and r 2 v a l u e s  

from TableAni.l/ o f  A p p e n d i x  - II,,
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’̂i -= 0.2593476 Cal/cm2 , S. °C

= 0.2593476 x  36000 K c a l /hr.m ,°C 

'= 9336 Kcal/hr,m2 .°C.

2

2 1/3

6) Sample Calculation For h . . ( - ^ — — —■) (Experimental).

f  f ^ * f

here,

h^ = 11043 Kcal/hr.m2 .°C.

11043 r, -] /0 ryJ?1 on 
= 36000 Cdl/ S *Cm * C

/l^ = 0.0027 gm/ C m . S . 

f f = 0.95838 g m / c m 3 . 

g = 9 8 1  c m / s 2

k = 1.643xl0-3 Cal/S.Cm.°C

, 2 1//3 f (0.002 7)2
s* f \ 11043

1/3

H i- (̂ 2---T T “) “ 36000 ’J- - k -(0.95838) x981x(l.643x10 )
- 3 #  *

0.375 ( D i m e n s i o n l e s s ) .
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7) Sample C a l c u l a t i o n  For Re^ (Experimental)

4 .G1 4 W
Re

VJ1 = 3.045 Kg/hr.

= 0.002 7 gm/cm.S.

= 0.002 7x360 Kg/m.hr.

D _ ri "i, -r .2. -  0 201+gJ!02250 = o .0326241 m.

0 Cos 0 C o s 5

4x3.045
'•°f “ T0.00 2 7x3'60Tx7C x 0.0326241

i) Sample C alculation for R e f . (Experimental)s

1/3

122 .-

Re^ = fc/ Re f

= 122 as already calculated in item No. (7) «,

(l-a)1 / 3 . (l-a7 / 3 ) 2/3

fc = T ---------- " 4 / 3 -  • 00 5  B 1  = 0-9338405
( l - a 2 )

ri • 

r 2

R e ^ = 0.93334050^(122)1//3 0.188.
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9) C«ilculation F o r  Nu, (Experimental)

h^.De 

Nu ” k
f

here,

2
h  = 11043 Kcal/hr.m . °C

k = 1 .6430x10"3Cals/S .cm.°C= 0.59148 Kcal/hr.m.°C,

ri + r ?
D = -i-— -  = 0.0326241 m. 

e Cos 0

11043 x 0.0326241 609.
Nu = -  0.59148

10) Calcul a t i o n  For Cv , (Experimental)

i 3 fl\g cos 0 r.2~_r i_
_ ___  E-__________ - , where, -

v  =  A f  * £  *  T f  s i n  9

here,

1 — 14.34 cm.

= 0 . 9 58 38 gms/cm

A = 5 3 8 . 8 8  Cal/gm.

2
g = 98J. Qt\/s 

/t. = 0.0027 gms/Cm.S..

]c = 1.643 x  lO-3 Cal/Cm. S. °C, 
f

4  T f = 1 0°c
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C = .■(.14lt3 4 ) 3 x  (0.95638)^ x 538.88 x  961 x  Cos 5 
v  0.0027 x  1~64~3 x 10-3 x  io

25 3.22 x  1 0 1 3 .

For the calculations o f  parameters in case of converging, 

d i v e r g i n g - c o n v e r g i n g  cone sections, diverging-converging tube 

and straight cylindrical tubes, same procedures, were adopted 

as discussed in case of diverging cone system. So sample 

calculations for these systems ( o t h e r  than diver g i n g  system) 

ha v e  been omitted.
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NOMENCLATURE

A  = Heat T r a n s f e r  Area, (m2 ) .

Cp  = Specific heat, (Kcal/kg.°C)

"'"l + r 2
D e ^Cos"~07 Equivalent diameter; (m)

g = Acceleration due to Gravity; (m/hr2 )

G 1 = Condensate loading per linear circumferencial 

'length, (kg/hr.m). 

h, h .= Local and average heat transfer coefficient,

(Kcal/hr .m2 . °C) .

H  = V e r tical h e i g h t  o f  diverging o r  c onverging segment,(m) 

k = Thermal C o n d u c t i v i t y  (Kcal/hr.m.°C)

1 = Slant height, (m)

Q = Heat, flow, (Kcal/hr) . 

r = Local cone radius, (m) 

r ' = Equivalent radius, (m)

T = Temperature, (°C)

T_p - %(T + T .) , Mean film temperature, (°C)
I V  w

T ) , Temperature difference b e tween film and

wall, (°C).

t = Thickness, (m)

u, u = Local and average condensate velocity, (m/hr) .

2
W  = Condensate flow p e r  unit surface area, (Kg/hr.m )

W  = Rate of condensate p e r  tube, (Kg/hr).

/ H  = Viscosity, (Kg./m.hr) .
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C 3 = Film thickness, (m) .

0  = H a l f - a p e x  angle o f  cone, (degree) *

Subscripts:

c = Converging

d = Diverging

dc = Diverging-Converging

f = Film

i = Inside

0 = Outside 

s = Shell

Sat. = Saturation

v  = V apour

w  =  Wall o r  condensing surface

1 = Smaller side

2 = Bigger side

D i m e n s i o n l e s s  Groupss

i‘4G 1 __n __ D ^ u n ^ l r l c  Nnmhpr

/ p y  . <£* T f



„ 3B1

R EFERENCES

Isachenko, V . P . , "Heat Transfer in Condensation,

Energiya Publ., M o s c o w  (1977).

Kutatel a d g e , S. S., "Fundamentals o f  H e a t - T r a n s f e r , '' 

A c a demic Press, New York, Arnold Press, London (1963), 

Nauka. Publ. (in Russian) Novosibirsk (19 70).

Eckert, E.R.G., and Drake,' R.M., -Analysis of Heat and 

Mass Transfer," M c G r a w  Hill, Rev/ York (1974) .

Collier, J.G., "Convective Boiling and -Condensation,

M c G r a w  Hill Book Co. (U.K.) Ltd. (1972).

Nusselt, W., “Die oberfl a c h e n  Kondensation des 

VJasserdampfes, " Z. Ver. deut. I n g . 60, 541 and 569 (1916). 

Jakob, M., Erk, S. and Eck, H . , "Verbesserte Messungen und 

Bereshnungen des W  arm cube rg ang e s b e x m  Kond^n s i e r e n  

Stromenden Dampfes in einen Vertikalen Rohr,

Physikali.she Zeitschrift, 36_, 73 (1935;.

Jacob, M., '; He at Transfer in Evaporation and Condensation

- II," M e c h a n i c a l  Engineering, 50, 729 (1936).

Bromley, L.A., "Effect of H e a t  Capacity o f  Condensate,

Ind. Eng. Chem., 44, 2966 (1952).

Rohsenow, W.M., “Heat Transfer and Temperature D i s t r i ­

bu t i o n  in L a m i n a r  Film Condensation," Trans. ^SME, 78, 

1645— 1648 (1956).

Sparrow, E.M. and Gregg, J.L., "A Bound a r y - L a y e r  

Treatment o f  L a m inar Film Condensation,' J. Heat 

Transfer, 8_1, 13 (1959) .



362

Chen, M.M., "An Analytical Study o f  Laminar Film 

Condensation Part - I Flat Plates," J. of Heat iransfer, 

83, 48-55 (1961).

I<oh, J . C . Y . , Sparrow, E.M. and Hartnett, j .P., The 

Two Phase Boundary Layer in Laminar Film Condensation,'' 

Int. J. Heat Mass Transfer, 2, 69-82 (1961) .

Minkowyez, W.J. and Sparrow, E.M., "Condensation Heat 

Transfer In The Presence of Non-Condensables, Inter­

facial Resistance, Superheating, Variable Propertius 

and Diffusion," Int. J. Heat Mass Transfer 9, 1125- 

1144 (1966).

Dobran, P. and Thorscn, R.S., “Forced Flow Laminar 

Filmwise Condensation of a Pure Saturated V a p o u r  in 

a Vortical Tube", Int. J. o f  Heat Mass Transfer ^3, 

161-177 (1980).

Drew, T.B. Sec McAdams, K . H . /’Heat  Transmission,"

3rd cd., M c G r a w  Hill, New York (195-;).

^ t  t t .-.t . -rward, J.W. "Condenser
■Colburn, A . P ., Miller, L . L . and

Subcooler Performance and Design", hn. m s t .  Chem.

Brians., 38_, 447 (19 42;. .

Tope,' J.B. a n d  Mueller, A.C., “Condensation and

Subcooling Inside an Inclined Tube," Chan. Eng.

Progress, 43/ 267 (1947).

Carpenter, F . , "Heat Transfer and Pressure Drop for 

Condensing Pure Vapours Inside Vertical Tubes, *

Ph.D. Thesis, University o f  Delaware (1948).



, 363

[19} Carpenter, F. and Colburn, A.P., "The Effect of Vapour

■ Ve l ocity o n  Condensation Inside T ubes,11 Proc. General 

Discussion of Heat Transfer, 20-26, The Inst. M.E. and 

ASME, July (1951).

[20| Rohsenow, W.M., Weber, J.H.- and Ling, A.T., "Effect of 

Va p o u r  Velocity on Laminar and Turbulent Film Conden­

sation," Trans. ASME, - 78, 1637 (l956).

£21}. Dukler, A.E., "Dynamics of Vertical Falling Film 

Systems," Cherru Eng. Progress, 5_5, 10 (1959).

£223. ICunz, H.R. and Ycrazunis, S., "An Analysis of Film

Condensation, Film Evaporation and Single Phase Heat 

Transfer," Paper Presented At The 9th ASME-AIChE Heat 

T r a nsfer Meeting, Seattle, Aug. (l9o7) . 67— HT— 1.

[23], Solipan, M . , Schuster, J.R. and Bcrenson, P.J., "A 

General Heat Transfer Correlation For Annular F l o w  

Condensation," J.' of Heat Transfer, p p . 267-276, M a y (1968), 

[2 4] Shekriladze, L.G. and Mestvirishvili, S.A., " S’cudy of 

the Process of Film Condensation of a Flowing V a p o u r  

within, a Vertical Cylinder," Heat Transfer - Soviet

Research, 4, (4) (1972) .

[25] Isachenko, V.P., Salomzoda, F. and Shalakhov, A.A.,

"An I n v e s t i g a t i o n  o f  Heat Transfer with Film Condensa­

tion o f  Steam in a Vertical Tube," Teploenergetica,

21 (1974).

£26] Kapitsa, P.L., "Wave Flow of Thin Liquid Layers'", Zh. 

Ekso. Theo. H z .  • 3-18 ^l 9 4 d  ̂*



364

Nakoryakov> V.E., Pokusaev, B.G. and Alekseenko> S.V., 

‘‘Stationary Two-Dimensional Roll Waves on the Vertical 

Liquid Film/" Inzh. Fiz. Zh. 30(5), 780-785 (19 76). 

Labuntsov; D.A., "Heat Transfer in Film Condensation 

of Pure Vapours on Vertical Surfaces and Horizontal 

Tubes,'1 Teploencrgetika, 7, 72-80 (1957).

Kirkbi.rde, C.G., !‘Heat Transfer b y  Condensing Vapour on 

Vertical Tubes, " Ind. Engng.Che. 2j5 (4), 425-428 (1934). 

Colburn, A.P., "Calculation o f  Condensation with a 

Portion of the Condensate Layer in Turbulent Motion,". 

Ind. Engng. Chem. 26_(4), 432-434 (1934).

Grigull, U . ,. :iWarmeubergang bei d o r  Kondensation mit 

Turbul e n t e r  Wasserhaut, " Forsch. Geb. Ing. Wes. 13, 

49-57 (1942).

Levin, A.B., Brdlik, P.M., "Heat Transfer b y  Turbulent 

Film Condensate Flow,-1 m  Proc. Seminar on Heat 

Transfer Problems, Moscow, 107-115 (1976).

Meisenburg, Sol.,. Bo arts, R.M. and Badger, w.L., ‘‘The 

Influence of Small Concentrations of Air in Steam on 

the Steam Film Coefficients of Heat Transfer," Trans. 

ASME, 31, 622-638 (1935).

Kutateladze, S.S. and Shrentsel, A.N., "Fo:

Plots for Calculation of the Total heai

Coefficient in Vertical Heaters During Film Condensa­

tion o f  Slowly Moving Saturated Vapours," Sovetskoye 

Kotloturbostroenie, 4, 149-152 (1938) .

irmulae and

'UT-at Transfer



3 6 5

f35j. Gudemchuk, V.A., “Heat Transfer by Ve.pour Condensation 

on Vertical Tubes," Izv. VTI 6, 29-32 (1946).

[36] Burov, Yu. G. , "Heat Transfer by Steam Condensation

on Vertical T u b e s , 1' Zh. Tekh. Fiz. 27(2), 331-337 (1957).

£373 Zozulya, N.V., "Methods of Investigation and Physics of

Heat Transfer Process During Vapour Condensation in 

Heat Transfer and Hydrodynamics," Proc. Inst, of Thermal 

Power Engg. N o . 14, Kiev (1958) .

{38], Rotiani, G.V. and. Shekriladze, I.G., "Experimental

Investigation of the Lav/s Governing Heat Transfer in 

Transition From the Laminar Wave to Film Flow Regime, *' 

Teploenergetika 3, 78-81 (19 64).

f39|. Butuzov, A.I., Rifert, V.G. and Leontiev, G.G., "Experi­

mental Investigation of Heat Transfer by Vapour Conden­

sation on Vertical Wire Finned Tubes," in Thermal 

Physics and Thermal E n g g ., Collected papers 24, 94-97 

(1973) .

[40]. Kutateladze, S.S. and Gogonin, 1.1., 'Heat Transfer in 

Film Condensation of Slowly Moving Vapour, 11 Int. J. of 

Heat Mass Transfer, 2̂ 2, (12) 1593-1599 (1979).

[41] _ Kutateladze, . S.S., “Similarity Theory as Applied to

the Heat Transfer Process from Condensing Saturated 

Vapour, 11 Zh. Tekh. Fiz. 7_(3), 282 — 293 (1957).

C42] . Jakob, M., Mech. Engng., 58, 729 (1936).

£43] Kast, W . , Chemic-Ingr. Tech., 35, 163 (1963).



366

[44] Silver, R.S., 11 An Approach to a General Theory o f  

Surface Condensers, !i Proc. Inst. iViech. Engrs, 178,

Part I, N o . 14, 339-376 (1964). ■

[453. Baer, E . and Mckelvey, J.M.,' " Heat Transfer in

Dropwise Condensation," Proc. of Symp. on Heat Transfer 

in Dropwise Condensation, P.24, Newark, University of 

D e l aware (1958).

£46}, Welch, J.F., West Water, J.W., "Microscopic Study of 

Dropwise Condensation," Int. Developments in Heat 

Transfer, A S M E , Part II (1961).

£47} Sugawara, S. and Katsuta, K., "Fundamental Study on 

Dropwise Condensation," 3rd Int. Heat Transfer Cohf. 

ASME-AIChE, Vol. II, 354-361 (1966).

[ 48 J . Eucken, A., Naturwis senschaften, 2_5, 209 (1937),,

{ 491. Umar, A. and Griffith, P., "Mechanism o f  Dropwise

Condensation,^ J. of Heat Transfer, Trans, of ASME,

87_/ 275-282 (1965).

[503. Erb, R.A. and Thelen, E., "Dropwise Condensation,"

First Int. Symp. on W a t e r  Desalination, "Washington 

D.C., (1965).

[51], McCormick, J.L. and Baer, E., :: On the m e c h anism of 

Heat T r a n s f e r  in Dropwise Condensation, “ J, Colloid 

Sci. 18, 208 (1963).

[52l. Gose, E., Mucciardi, A .N . and Baer, S., Model for

Dropwise Condensation on R a n d o m l y  Distributed S i t e s , 11 

Int. J. of Heat Mass. Transfer, 10, 15-22 (1967).



3 6 7

[533. 

[54} .

(553.

f 56j . 

1571-

£58 j ,

{ 5 9 }.

{601.

'1613.

latika, N., Katz, D.L., "Dropv/ise Condensation/!l Cham. 

■Engng. Progs. 45, 661-674 (1949).

Sugaward. S., Michiyoshi/ I., ‘‘Dropwise Condensation,"

M. of Faculty of Engg., Kyoto University, 18 (2) (1956). 

Nijaguna, B.T., :’Drop Nusselt Number in Dropwise 

C o n d e n s a t i o n , !i Applied Scientific Research, 2S>,

226-236 (1974).

Ahrendts, J., "Der Warmleitwiderstand eines Kondcnsattro- 

Plens," Warme-und- Stroffubertagung, 5, 239-244 (1972). 

Hurst, C.J., Olson, D.R., Condensation Through Droplets 

During Dropwise Condensation," J. o f  Heat Transfer,

Trans, of A S M E , 95, 12-20 (1973).

Sadhal, S.S. and Martin, W.W., "Heat Transfer Through 

Drop Condensate Using Differential Inequalities," Int.

J. of Heat a n d  Mass Transfer, 20_, 1401-1407 (1977) .

Mikic, B., "On Mechanism of Dropv/ise Condensation,"

Int. J. of Heat Transfer, 12, 1311-1323 (1969).

Hannemann, R.J., Mikic, B . B . ,  "An Analysis o f  the 

Effect of Surface Thermal Conductivity o n  the Rate of 

Heat Transfer in Dropv/ise Condensation," Int. J. of 

Heat and Mass Transfer, 19., 1299-1307 (1976) .

S a d h a l > S.S. and Plesset, M.S., “Effect of Solid 

Properties and Contact Angle in Dropwise Condensation 

.and E v a p o r a t i o n , " J. of Heat Transfer, Trans, of ASMS, 

1 0 1 , 48-54 (1979).



3 6 3

163].

C64j.

f.65j.

C66], 

£67], 

[68], 

f 69} . 

t70} .

[6 2 } Le Pevrs, E.J., and Rose, J.W., "A Theory o f  Heat 

Transfer by Dropwise Condensation,; 3rd Int. Heat Trnas. 

Conf. Chicago, ASME-AIChE, II, paper 80, 362-375 (1966). 

Rose, J.W., ‘-Dropwise Condensation Theory” Int. J. of 

Heat Mass Transfer, 24,(2), 191-194 (1981).

O'Bara, J.T., Killion, E.S. and Roblec, L.H.S., “Drop- 

wise Condensation of Steam at Atmospheric and Above 

Atmospheric Pressure," Chem. Engg. S c i ., 22., 1305-1314 

(1967).

Williams, A.G., Nandapurkar, S.S. and Holland, F.A., "A 

Review o f  Methods for Enhancing Heat Transfer Rate in 

Surface Condensers," Chera. Engr. Lond., 233, CE 367- 

CE373, Nov. 1968.

Spencer, D.L. and Ibsle, W.E., Proc. 3rd Int. Heat 

Trans. Conf. II, 337 (1966).

Medwell, J.O. and Nicol, '.A., ASME-AIChE Heat Trnas. 

Conf., Los Angeles, Paper 65-HT-43 (1965) .

Beatty, K.O. and Katz, D.L. Trans. Am. Inst. Chem.

Engrs., 44, 55 (1948),

Beatty, K.O. and Forbes, A.V., Chem. Engrg. Prog. 46,

531 (1950).

Nakayama, W., Daikoku, T», Kuwahara, H. and Kakizaki, K., 

"High Flux Heat Transfer Surface 1T H E R M O E X C E L 1,"

Hitachi Review, 2£, (8) 329-334 (1975).



[7 l5  .

£72].

[73]

t 74].

[75}.

C76].

I  7 7 ] .

Hirasawa, S., Hijikata, K . , Mori, Y. and Nakayama, Vi., 

Effect of Surface Tension on Laminar Film Condensation 

Along a Vertical Plate with a Small Leading Radius/" 

Proceedings of Sixth Int. Heat Trans. Conf.II 413-418 

(1978).

Hirasawa, S., Hijikata, K ., Mori, Y  and Nakayama, W., 

"EFfect of Surface Tension o n  Laminar Film Condensation 

(Study of Condensate Film in a Small Groove) " Trnas. 

o f  ASME, 44, 2041-2048 (1978).

Hirasawa, S., Hijikata, K., Mori, Y. and Nakayama, VI., 

"Effect of Surface Tension on Condensate M otion in 

Laminar Film Condensation (study o f  Liquid Film in a 

Small Trough),'1 Int. J. Heat Mass Transfer, 23.

1471-1478 (1980). -

Edwards, D.K., Gier, K.D., Ayyaswamy, P.S. and Cotton, I., 

“Evaporation and Condensation in Circumferential Grooves 

o n  Horizontal Tubes," ASME, Paper N o . 73-HT-251, (1973). 

Fuji, T. and Honda, H., :;Laminar Filmwise Condensation 

on A  Vertical Single Fluted Plate," Proc. of Sixth Int. 

Heat T r a n s f e r  Conf., II, 4-19-424 (1978).

Panchai, C.B. and Bell, K.J., -Analysis of Nusselt Type 

Condensation on a Vertical Fluted Surface/ Proc. of 

the 18th National Heat Transfer Conf., Condensation 

Heat Transfer, 45-54 (1979).

Webb, R.L., "A generalised procedure For the D e s i g n  and 

O p timization o f  Fluted Gregoric Condensing S u r f a c e s / 1’ 

Trans, o f  ASME, J. of Heat Transfer, 101, 335-339 (1979).

369



£791.

I>} .

t s i j .

[823.

M  ■

[7 8 ].

f8 4 j-

Hirasawa, S., Hijikata, K „ , Mori, Y. and N a};;ay arna/ Vi., 

"Optimized Performance of Condensers with Outside 

condensing surface,i; Trans, of ASME, J. of Heat 

Transfer, 103, 96-102 (1921).

Walezvk, H., "Enhancement of Heat Transfer in Finned 

Tube Heat Exchangers by W a t e r  Injection into A i r  Stream, !! 

Chem. Engg. Commn. 19, (4-6) 317-323 (1983).

Goldstein, M.E., Wen-Jei, Yeng and Clark, J.A.,

‘'Momentum and Heat Transfer in Laminar Flow of Gas with 

Liquid Droplet Suspension Over a Circular Cylinder,!l J. 

of Heat Transfer, Trans, of A S M E , 89, (2) (1967).

Finlay, I.C., "Analysis of Heat Transfer During Flow of 

an A i r / W a t e r  Mist Across a Heated Cylinder,15 The 

Canadian J. o f  Chem. Engg., _49, (3) (1971).

Simpson, A.U., Timmerhaus, K.D., Kreith, F. and Jones, 

M.C., "Heat and Mass Transfer in Dispersed, Two-Phase, 

Single-Component Flow," Int. O', o f  Heat Mass Transfer 

12, (9) (1969).

Greooric, R®, "Haut Konoensation an feinge wellt-en o b e r — 

flachen bei Beruck Sichtigung d e r  obserflachen spannu- 

n g e n , :i Zeitschrift fur angewandte Ms thematic and 

Physik, V, 36-49 (1954).

Lustenader, E.L., Richter, R. and Neugebauer, F.V., ‘‘The 

Use of Thin Films for Increasing Evaporation and 

Condensation Rates in Process Equipment," J. o f  He,at 

Transfer, 31 (4), 297-307 (1955/ .

3 7 0



371

[85].

[86] .

[87].

[88] ,

[89],

{90].

[91].

[92],

[93].

[94] . 

[95}. 

|96J.

Nabavian, K. and Bromley, L.A., "Condensation 

Coeffi c i e n t  of water," Chem.Engng. Sci., 18, 651-660(1963). 

Carnovos, T.C., “Thin Film Distillation, Proc. of J?j.j-st 

Int. Symp. on W e l t e r  "Desalination, Paper S77D/17,

W a s h i n g t o n  (l965).

Thomas, D.G., Ind., Eng. Chem. Fundamentals, 6(1), 97 (1967). 

Osment, B.D.J. and Tanner,' D.W., “Promoters for the 

D r o pwise Ctoncsnsation o f  S t e a m / 1 N.E.L. Report H o . 34 (1362). 

Erb, R.E., Thelsn, E., Ind. Engng. Chem. 57 (10;,49(1965).

Nandapurkar, S.S. and Beatty, K.O., Chem. Engng. Prog.

S y m p . Series 156 (30), 129 (1960).

Bromley, L.A., Humphreys, R . F • and Murray, W.J., "Heat

T r a n s f e r , 88., 80 (1966) .

_ -i . f-\ Tfj He-at TiransfoX'
Singer, R.M. and Precksho t, G . a ., ^roc.

and Fluid Mechanics, Inst., 14, 205 (19o 3 ) .

Sparrow, E.M. and Hartnett, J.P., "Condensation on 

Rotat i n g  Cbne", J. of Heat Transfer, Trans. ASME, 83,

(l) , p p .101-102 (1961) .

Dhir, V., Lienhard, J*/ "Laminar Film C o n d e n s a t i o n  on 

Plane and A x i s y m m e t r i c  Bodies in Nonuniform Gravity 

J. of H e a t  Transfer, 93.(1), 97-100 (l^7l).

Leppert, G. and Nimmo, B., “Laminar Film Condensation

on Surface Normal to Body or Inertial F o r c e s , 11 J. of

H e a t  T r a n s f e r ,  Trans. ASME, 90 (l) (1968).

n -nr! G., "Laminar Film C o ndensation
Nimmo, B. ana uepp^-i l ,

j- i cnr-Far-o i: He at Transfer, 1970, 63, 
on  a Finite Horizontal Surface, -

E l s e v i e r  Publishing Co./ Amsterdam, 1970.



£98] . 

[99] .

fioo ] , 

[101]  ̂

[102] >

[io3i; 

[10 4]

[9 1 1 .

[10 si.

3 7 o

Marto, P.J./ "Laminar Film Condensation on the Inside 

of Slender, Rotating Truncated C o n e s , !! J. o f  Heat 

Transfer, Trans, o f  ASME, 95 (2), (1973).

Mathewson, W .S . and Smith J.C., "Chem E n g n g . Prog.

Symp. Series 59, 41, 173 (1963).

Haughey, D.P. Trans. Inst. Chem. E n g r s . 43, T40 (1965). 

Raben, I.A., Commerford, G. and Diertent, R. , U.S.

Dept, of Int. O.S.W.R. and D. Prog. Report N o .49 (1961). 

Choi/ H.Y., Tufts Univ. Dept, o f  Mech. Engng. Report

64-1 (1964) .

Velkoffi, H.R. and Miller, O'.H., "Condensation or 

v a p o u r  o n  a vertical Plate with a Transverse Electro­

static Field, J. Heat Transfer Trans. -4SME 871(2),

197 (1965).

Choi, H.Y., " E l e c t r o h y d r o d y n a m i c  Condensation Heat

II -r _ i_ rn--„ TT?nS. ASME, 90 (l) ,Transfer," J. Heat xic,nsiei, xr<-ut». —

98 (1968).

Buznik, V.M. / Smirnov, G .F . and Zamkevich, B.M., ‘!0n 

the Effect of a Nonuniform Electrostatic Field o n  Heau 

Transfer in Freon-11 C o ndensation on a Horizontal Tube, 

Proc. of the Nikolaev S h i p - Building Inst., Ser. Thermal 

Engng. N o . 26, 75-85, Nikolaev (1968).

Holmes, R.E. and Chapman, A.I., "Condensation o f

^ „ -f = stroncr Nonuniform,Freon-114 in the Presence o± a otrony

4- ' ^  tpi ric— Field, " J. Heat Transfer, Trans. A l t e r n a t i n g  M u ^ u r x c  n u u <

ASME, 92_(4) , 1 (1970).



373

[1071.

[1081

[l°9j.

[ n o ] ,

[ H I ] .

[112].

[106],

[1131

Smirnov,. G.F. and Lunev, V.G., "Heat Transfer During 

Condensation of Vapours o f  Dielectric Liquids in Electric 

Fields," Elektr. Gbrab. Mat. 2, 35-39 (1978).

Didkovsky, A.B., and Bologa, M.K., "Vapour Filin Condensa­

tion Heat Transfer and Hydrodynamics U n d e r  the Influence 

of an Electric Field," Int. J. Heat and Mass Transfer,

24, (5) , 811-819 (1981).

Hewitt, G.F. and Hall-Taylor, N.S., Annular Two-Phase 

Flow, C h a p t e r - 7, 127-135, Pergarnon Press, Oxford (1970) , 

Norman, VI. S. and McIntyre, V. "Heat Transfer To a Liquid 

Film o n  a Vertical Surface, Trans. Instn. Chem, Engrs.

38, 301-307 (1960).

Norman, W.S. and Binns, D.T., "The Effect of Surface 

Tension Changes o n  the Minimum W e tting Rate in a Wetted- 

Rod Distillation Column," Trans. Instn. Chem. Engrs.' 38, 

294-300 (1960).

Hewitt, G.F. and Lacey, P.M.C., "The Breakdown o f  the 

Liquid Film in Annular Two-phase Flow", Int. J * Heat M a s s  

Transfer, 8_, 781-791 (1965) „

Hartley, D.E. and Murgatroyd, W . , "Criteria for the B r e a k ­

up o f  Thin Liquid Layers Flowing Isothermally Over S o l i d  

Surfaces," Int.,J. Heat Transfer, l_t 1003-1015 (1964). 

Murgatroyd, W., "The Role o f  Shear and Form Forces in 

The Stability of a Dry Patch in Two Phase Film Flow,"

Int. J. H e a t  Mass Transfer, 8, 297-301 (1965).



374

[115] . 

[116}.

[117] .

Ins] ■

[119],

[120] .

[H 4 ] . Zuber, N. and Staub, F .W., "Stability o f  Dry-Patches 

Forming in Liquid Films Flowing Over Pleated Surface, "

Int. J. Hsat Mass Transfer, 9_, 897-905 (1966) .

McPherson, G.D., "Axial Stability of the D r y  Patch 

Formed in Dry Out of a Two Phase Annular F l o w , I n t .  J. 

Heat Mass Transfer, M3, 1133-1152 (1970) .

Ponter, A.B., Davies, G.A., Ross, T.K. and Thornley,

P.G. “The Influence of Mass Transfer on Liquid Film 

Breakdown," Int. J. of Heat Mass Transfer, 10_, 34-9-359 

(1967).

Ponter, A.B., Davies, G.A., Beaton, W. and i<oss, T.K.,

“The M e a s u r e m e n t  of Contact Angles Under Conditions of 

Heat T r a n s f e r  When a Licruid Film Breaks On a Vertical 

Surface," Int. J. Heat Mass Transfer, 10, 16 33-163 6 (1967) 

Bankoff, 5.G., "Minimum Thickness of a Draining Liquid 

Film", Int. J. of Heat Mass Transfer, M ,  2143-2146 (1971) 

Hallett, V.A., "Surface Phenomena Causing Breakdown of 

Falling Liquid Films During Heat Transfer," Int. J.

Heat Mass Transfer, 9, 283-2S4 (1966).

Bankoff, S.G., "Stability of Liquid Flow Down a Heated 

Plate," Int. J. Heat Mass Transfer, 14, 377-385 (19 71). 

Toshihiko, F. and Tatsuhiro, U . , ■■Pleat T r a n s f e r  to 

Falling Liquid Films and Film Breakdown — I, Subcooleo. 

.Liquid Films," Int. J. Heat Mass Transfer, 21, 97-108 

(1978)..



375

[122} Zollars, R.L. and Krantz, W.B., Hydrodynamic Stability 

of the Liquid. Film Plow Down a Cone," GVC/AIC’nE- Joint 

M e e t i n g  'and/und Jahrestreffen 1974, der Verfabrens 

Ingenieure, Munchen, 17-20, V ol.IV (1974). 

fl23} Bartz, D.R.> "A Simple Equation For Rapid Estimation of 

Rocket N o zzle Convective Heat Transfer Coefxicients,

Jet Propulsion 2.7 (1), 49-51 (1957).

£l24~| Massier, P.F., "sConvective Heat Transfer in Kozzles 

Combined Bimonthly Summary N o . 63, Jet Propulsion 

Lab., Pasadena, California, Feb. 15 (1958).

£l25} Kolozsi, 'J.J./ “An Investigation o f  Heat Transfer

Through.the Turbulent Boundary layer In An Axially 

Symmetric Convergent-Divergent N o zzle,” Master's Thesis, 

Dept, of Aero and Astro. Engg., Ohio State University,

Columbus, Ohio (l958 ) .

|126); Elliott, D.G., Bartz, D.R. and Silver, S . , "Calculation 

of T u r b ulent Boundary Layer G r o w t h  And H e a t  Transfer 

in Axisym m e t r i c  Nozzles," Tech. Report No. 32-387,

Jet P ropulsion Lab., Pasadena, California, l-ob.15 (1^63;.

(127] Bartz, D.R./ "Turbulent Boundary Layer Heat T r a nsfer 

from Rapidly Accelerating Flow of Rocket Combustion 

Gases and Heated A i r " , Adv. in H e a t ,Transfer, 2,

Academic Press (l965).

[128] Yang, J.W. and Nansen, L. J. of Heat Transfer, 95.,

453 (1953).



376

{130}.

[131],

Cl 32}. 

[133],

[l 34 j . 

Cl35J.

El36 } . 

[137 }.

{1 2 9 }. KirpikoV/ V.A., G u t a r o v , .. V.V. and Tsirelman, N.M.,

Heat Transfer, Soviet Research, 2(2), 48 (1970).

Batra, V . K . , "Laminar Flew Through Wavy Tubes and 

Wa v y  channels,"- Master's thesis, Univ. of Waterloo, 

Ontario, (1969).

Batra, ■/.K., Fulford, G.D. and Bullion, F . A . L . , "Laminar 

1‘.low Through Periodically Convergent Divergent Tubes 

and Channels," The Can. J. o f  Chem. Lngg> 43^ 622-627 

(1970).

Payatakes, A.C., Tien, C. and Turian, R.M., "A New 

Model for G r a n u l a r  Porous Media," Part I, Model Formula­

tion, AIChE J. Vol. 19, N o . 1, 58-67 (1973).

Payatakes, A.C., Tien, C. and Turian, R.M., "Numerical 

Solution o f  Steady State Incompressible. Newto n i a n  Flow 

Through P e riodically Constricted Tubes, 11 AIChE, J. 19;

(1), 67-76 (1973).

Fulford, G.D., Ph.D. Thesis, Univ. o f  Birmingham (1962). 

Lekoudis, S.G. and Nayfeh, A.H. and Saric, W.S., "Com­

p r e s sible Boundary Layers Over W a v y  Walls, Phys. Fluids, 

19, 514-519 (1976).

Shankar, P.N. and Sinha, U.N., "The Rayleigh Problem 

for a W a v y  W a l l , 11 J. Fluid Me ch. 77, 243-256 (1976). 

Lessen, M. and GS.ngwa.ni, S.T., "Effect o f  Small 

A m p l itude W a l l  Waviness Upon the Stability of the 

Laminar B o u n d a r y  Layers," Phys. Fluids; 19, 510-513 

(1976) . .



„ 377

M 3  .

[139] .

[140]  . 

1141],

t1421. 

[143],

L144]-

[145] .

Gosse, 0 . and Schiestel, R . , "-Thermal Convection in 

the Wavy' Tubes o f  a Type of Heat Exchanger," R eview 

Generale de Thermique (General Review of Thermal ^ngg.), 

18, (l) 1-7 (1978).

Gosse, J. a n d  Schiestel, R., #I (Descriptive Model of 

T urbulent M o t i o n  in a Fluid of Content V o l u m e ) ", Comptes 

Rendus Acad. Sci. Paris, A275, 471-474 (1972).

Schiestel, R., (A New Model of Turbulence Applied to 

Transfers of M o m e n t u m  and Heat)* Thesis, N ancy, C.N.R.S., 

No. A.0» 10596 (1974) .

Patankar, S.V. and Spalding, D.B., “A Calculation 

Procedure for Heat, Mass and Momentum Transfer in Three 

Dimensional Parabolic Flow," Int. J. Heat Mass Transfer, 

1 5 , 1787-1806 (1972).

Amsden, A . A .  and Harlow,.F.H., "The S.M.A.C. Method,

Los A l a m o s  Scientific Lab., Report L A - .4370 (1970). 

Schiestel, R. and Gosse, J., "Numerical Prediction of 

the T r a n s i t i o n  Phenomena for' a Flow Between Parallel 

P l a n e s , " Comptes Rendus Acad. Sci. Paris A275,

1371-1374 (1972).

Gosse, J. and Schiestel, R . , " The Prediction of 

Turbulent Forced Convection with a New Model," V Q  

Heat T r a n s f e r  Conference, Tokyo (1974).

Schiestel, R. and Gosse, J, "(Numerical P r e d i c t i o n  of 

Turbulent C onvection in A n n u l a r  Spaces,) , Comptes 

Rendus Acad. Sci, P^ris B279, 543-546 (1974).



378

[1463. 

[147] .

[1481-

[149],

[1503,

[1513. 

[1523 .

C153i -

Gosse, J. and Schiestel, R., u (Numerical Estimation of 

Turbulence Convection in Annular Spaces), Int. J. of 

Heat M a s s  Transfer, IQ., 7.43-749 (1975) .

Schiestel, R. and Gosse, J., !i (Configuration of 

Turbu l e n t  F l o w  in a Serpentine and the • Associated 

Thermal Convection)," Comptes Rendus Acad. Sci. Paris 

13281, 539-542 (1975).

Vajravelu, K. and Sastri, S.S., "Free Convective Heat 

T r a n s f e r  in a Viscous incompressible Fluid Confined 

Between a Long Vertical W a v y  Wall and Parallel Flat 

VJall, !l J. Fluid Mcch. 86, 365-383 (1978).

Vaj ravelu, K. and Sastri, K . S . , Natural Convective Heat 

T r a nsfer in Vertical Wavy Channels," Int. O', of Heat 

Mass Transfer, 2_3, 408-411 (1980).

Naravan, C.M., “Momentum and Heat Transfer Studies in 

I r r e g u l a r  Geometry", Ph.D. Thesis, I I T  Kharagpur (1983). 

Ramachandran, R . , "Turbulent Heat T r a nsfer btuaies i^ 

the Annul us of an Axi symmetric Irregular Gs.iomv=try, 

M. T e c h  Thesis, IIT K h a r a g p u r  (1978) .

Bandyopadhyay, R.P., “Lcminar Heat Transfer Studies 

in the A n n u l u s  of an Axisymmetric Irregular G e o m e t r y , 11 

M.Tech. Thesis, IIT Kharagpur (1979).

Sahoo, S.C., Hydrodynamic and H e a t  T r a nsfer Studies in 

a Variable Area Shell and Tube Heat Exchanger ,"

M.Tech. Thesis, IIT, K h a r a g p u r  (1980).



373

[1551.

[156] ,

£l57]_

tl54j_ Sen, R . , "Hydrodynamic and Heat Transfer Study in a 

Co rive rgenging-Diverging Heat Exchanger, " M.Tech. 

Thesis, IIT, Khara g p u r  (1981) .

Sen, S., "Study of Flow Characteristics in the 

/Vonulus of a Converging-Diverging Heat Exchanger,11 

M . T e c h  Thesis, IIT, K h a r agpur (1982).

Varatharaj an, P., " The Study of Condensation in a 

Periodically Divergent-Convergent Tube, " M.'Toch 

Thesis, IIT Kharagpur (19 74).

Kern, D . Q . ,“Process Heat Transfer" M cGraw Hill Koga 

Kusha Ltd., 2 65 (1950).


	X = A Fl + 0.68

	£ - C33VA- [34] ? X- L35J '* “f3€ * 0 - p7]; V- [38} s © - [39] . Jhe data of following authors are taken from [29, 37^ ;


	v, _ 0 .10 * D	to

	/t (g—:) dl = f ( -y) . g cos^ . dl ... ...(3.2.1)

	a<2*l.sine.VBf) . EVgigW-JM*- [d(lS| > j... (3.2.10)


	. 		~~ ... ... (3.2.12)

	d (2 /T 1 • sj.nQ. -bn up ) - W.dA = W. 27H.. sin $. dl	...(3.3.5)

	rdr r /7 Q A .sin 20	3 I2E = r				 -j . {'d(r<:S ) 1	...(3.3.8b)

	c	?^2gX.sin 20 i ’ Lr U (r > " 1J i

	h

	ic

	a	~ ,«.2 3 .	7/4

	q = -7! (T ,-lj./‘.cosecS .[				1 • lrlJ

	7	24 A





	f<?>

	C *■ 7/’2gA-sin2 6	jli	r

	h.

	r.

	A3>g('VV • -2 -i

	r " nr (l-a ' h = 0.84- [ 					 ]. [Ai—j J.

	u 12000 -C \

	*10000

	Inlet coolant temp = 30 C

	(mo)	FT°ERTRA. CHLORIDE VAPOUR 'N

	. uooo

	^ (10) CARBON-TETRA-CHLORIDE VAPOUR IN DIVERGING CONE SECTIONS

	1200

	14000-

	£ 12000 E


	2 2A00

	2000h


	12



	<j

	FIG. 5.EFFECT OF COOLANT INLET TEMPERATURE ON ATf FOR CONDENSATION OF WATER VAPOUR IN DIVERGING CONE SECTIONS

	J	i	L

	ATf (°C)

	ATf(°C)

	ATf(°C)



	“S«P0“'sl"

	pi*

	136

	)Tm

	-	r A- 1	'	-1/3

	-	1.01 'r>*~

	5.0


	1.0


	0.1

	1|3

	) FOR CONDENSATION OF

	WATER ETHYL ACETATE, CARBON-TETRA-CHLORIDE AND ETHYL ALCOHOL VAPOURS IN DIVERGING - CONVERGING CONE SECTIONS


	FIG 5 7-8 PLOT OF Cv VS Nu FOR CONDENSATION OF WATER, ETHYL ACETATE, CARBON-TETRA-CHLORIDE AND ETHYL ALCOHOL VAPOURS IN CONVERGING CONE SECTIONS

	3)	The heat transfer charactensac, of

	•, ^	i j- fpmnerature, &l£'	' ' J-

	(Nu)

	xio“XJ

	h.


	... 2 4 0

	ff f	f (SS)

	0.162 IO92


	TfT

	T3T

	Til rsT

	;1 ■ m)	v

	11.0

	12.0 12 .5 13.5

	(0) ~ "(1) 	


	TeT


	T2T


	hr.m

	(0) (1)



	-m—Tfs	m~—	t?)	ro rsr—re:

	(°)	jO

	-Cnnvsra- _ , . _ , , , *m Temp, sate




	Lx J • [d(1 -d }]	...(3,

	■= [xj .

	^ (17/3 - x/3 ) = [xl . 4 ( x* )








	• Vf

	7 [X]

	173 ' dr = M -at>

	173“

	h


	1 • [. { <-^>7/3 -U.

	Q

	r2

	r

	J

	'I'ri -1)

	IJL^dsinjej t ( } <cosec



	. [(7-) - 1 J * * *

	6/tk (Iv-V

	7 lr2 “ r	4 !'ZJ L


	|Z 1 . [<r ) ^r2 2 J-

	14/3	c 3 4/3 4/3 4


	°r' °-"L7 [2] • ^473		J

	7/3 ?/3	c 3 4/3

	c *■ 7^ />■2 g Sin 2e * r4/3	r

	/ 4	7/3 7/3 ^ 4/3 4

	r ,	, 7/3 7/31 , r hi 1

	7 [Z'J

	4/3	3


	tzl

	. £z] . 0 - x2 ]

	L I 7(Ap2g sin 2«3

	appehdix - V.

	Cj) (^ 2' 3 »»•••••) = 0

	/' = * < ^27 > <V '^s* (f^) ‘K?’ (“e)(M

	^1,^2' *3

	<j>' [ (h)-i+J+k+lrf-°-9 (3)e-f+g-2i (/»)2-f+g

	|(h)-g(S)g ( ff)g (X)g (AT )-g:|

	( “*^“2	} °




	S5/% C„Af .i.a^f^9005!

	4 s /> S'f

	/rf kf ^ Tf

	2 3.	%	t 7/3

	g A kf Sin20 1 f 	-| ^ -j

	'•°f “ T0.00 2 7x3'60Tx7C x 0.0326241

	Re^ = 0.93334050^(122)1//3 0.188.



	i3 fl\g cos 0	r.2~_ri_








