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Abstract— Inclined tube influences the pressure drop and 

heat transfer coefficient by considerably affecting the flow 

pattern of fluid passing through it. In order to analyze the 

exact effect of inclination angle, various literatures have been 

studied and represented in the present paper. Different 

experimental analysis as well as different theoretical models 

developed in past are listed here for the same purpose. The 

paper thus is divided in three parts; first part gives the study 

of condensation of different vapors in horizontal tube and 

vertical tube followed by second part which includes 

development of two phase flow with different types of flow 

and finally the third part takes into account the effect of 

inclined tube on condensation heat transfer coefficient. The 

theoretical models developed so far have some limitation 

which needs to be studied before concluding the effect of 

inclination angle on the pressure drop and finally on the heat 

transfer coefficient. 
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I. INTRODUCTION 

The process of condensation of various refrigerants inside 

the condenser tubes are often used in all kinds of industries 

related to Refrigeration and Air-conditioning. The rising 

demands of different types of condensers in various thermal 

power plants needs the clear understanding of condensation 

phenomenon with the types of flow occurring due to 

condensation.  In the past few years, various researchers 

have focused on the flow pattern of such developed 

condensate films inside the condenser tubes.  In all such 

kind of studies, various correlations and flow pattern maps 

are developed for accurately predicting pressure drop and 

their respective heat transfer coefficient.  

Few studies in literature are published on effect of 

inclination angle on condensation rate. It has been found 

that tilting the condenser tube highly influence the pressure 

drop and heat transfer coefficient related to condensate 

layer. Hence in order to optimize or improve the 

performance of any heat exchanger used in process plant, a 

good understanding of pressure drop, flow pattern, void 

fraction and heat transfer is needed. 

All the above mentioned points thus motivate the 

present literature review on Condensation analysis of vapor 

which may take place in an inclined condenser tube. The 

first part of present literature review will list researches 

related to basic understanding of flow in horizontal and 

vertical tube with different studies related to techniques that 

are adopted to analyze their heat transfer rate.   The purpose 

of second part will be study of two-phase flow pattern in 

inclined tube followed by third part which will give all the 

detail work carried with inclined condenser tube including 

theoretical as well as experimental approaches for various 

kinds of vapor flows. 

II. CONDENSATION INSIDE SMOOTH HORIZONTAL TUBES 

AND VERTICAL TUBES 

Many research articles in the past are found to be based on 

condensation of vapors inside horizontal tubes. Recently, 

Lips and Meyer [1] (2011) gave a review on two-phase flow 

with condensation, which included study of flow in 

horizontal tube as well as in inclined tube. An intensive 

literature review on condensation has been published by 

Dalkilic and Wongwise [2] (2009). They gave various 

passive and active techniques to calculate the heat transfer 

coefficient. They included all the new researches on 

condensation heat transfer coefficient and condensation 

phenomenon in their study. They made a detail survey of 

various literature available on condensation of vapor inside 

the tube, which can be used as starting point for 

condensation analysis. 

There are number of researches on flow pattern 

maps available in literature and it has been concluded that 

the study of pressure drop in such cases proves to be very 

important with the prediction of flow patterns. Maron and 

Sideman [3] (1981) studied countercurrent and co-current 

steam flow inside the condenser tube. Both the effect of 

flowing film as well as effect of accumulated condensate 

film was taken into account for calculation of heat transfer 

rate. They found that for counter-current case, the increase 

in axial pressure drop is result of interfacial shear in 

comparison with co-current flow. They also showed that 

small inclination angle of 1°–2° does not affects the heat 

transfer coefficient considerably. Further it was proved in 

order to get higher heat transfer rate i.e. to produce high 

amount of condensate, it is desired to use co-current type of 

flow for given tube parameters. Chen and 

Kocamustafaogullari [4] (1986) investigated two-phase 

concurrent stratified flow of vapor and liquid to find its 

effect on condensation heat transfer coefficient. Their 

analysis included the effect of pressure gradient, interfacial 

shear, saturation temperature etc. on heat transfer rate. They 

developed a theoretical model to obtain values of overall 

heat transfer rates for horizontal in-tube condensation which 

included heat transfer coefficient of condensate liquid flow 

along the length of tube as well as the heat transfer 

coefficient added due to accumulated condensate layer in 

bottom region of the tube due to gravitational effects. The 

condensate layer thickness along the periphery had an 

influence on heat transfer coefficient which was correctly 

reported. The effect of tube length on stratified angle was 

also analyzed. Further a correlation was developed by using 

regression analysis to predict the heat transfer coefficient.  

Tae-Hwan Ahn et al. [5] proposed a mechanistic 

void fraction model for nearly horizontal tube considering 

the interfacial friction factor. They used the momentum 

equation for two-phase flow for developing the model.  
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The downward flow in condenser tube is highly 

influenced by gravity. Thus while analyzing the same, the 

study of experimental and analytical data available in 

literature is very significant. Goodykoontz and Dorsch [6] 

conducted the experimental analysis of condensation on 

steam passing through tube of  inner diameter 5/8 inch. The 

length of the tube was taken to be 8 foot. The analysis 

consisted of water cooled stainless steel tube. Complete 

condensation was found to occur across the test section. The 

condensate flow was throttled in order to maintain vapor-

liquid interface at the exit of condenser. They concluded that 

the heat transfer coefficients were highly influenced by the 

vapor flow rate. 

III. TWO-PHASE FLOW PATTERN INSIDE INCLINED TUBES 

Before starting with condensation analysis there is need to 

get a brief knowledge about the different flow patterns that 

could be the result of condensation. The flow pattern 

basically depends on their respective physical phenomena, 

e.g stratified flow occurs due to gravitational force. Hence 

the various models given in literature are applied for a 

specific flow pattern. A flow pattern map for nearly 

horizontal flow and horizontal flow was developed by Taitel 

and Dukler (1976) as mentioned in [1]. This map predicts 

the behavior of gas-liquid flow only. Hence it is basis for 

several studies related to horizontal flow pattern. Brauner 

and Maron (1992) studied transition of stratified and non-

stratified transition in nearly horizontal tubes. Crawford et 

al. (1985) conducted experimental study to conclude the 

flow pattern of R133 flowing downwards in an inclined tube 

of 25mm diameter. They proposed a flow pattern map for 

downward flow which is clearly studied in [1]. 

IV. CONDENSATION INSIDE SMOOTH INCLINED TUBE 

Several articles related to condensation inside the tubes are 

found in literature. But the condensations inside inclined 

tubes are yet to be studied in dept. Many experimental 

works have been carried out on horizontal and vertical 

tubes, based on which there are some empirical equations to 

find their heat transfer coefficient respectively. But lack of 

available correlations for condensation inside inclined tube 

made this article to focus on inclined tube condensation 

analysis. 

J.W. Rose [7] gave a brief idea of condensation 

theories which gives the calculations for required heat 

transfer coefficient. Nusselt solution was discussed in brief 

which neglected the effect of inertia and interfacial shear. 

Also the Nusselt solution with no effect of mass transfer was 

discussed. The study gave detail information about drop-

wise condensation. Nusselt model was then corrected by 

considering effect of interfacial shear stress on condensation 

heat transfer coefficient. Further the heat transfer rate was 

obtained by considering the factors which represented the 

terms related to interface resistances between vapor phase 

and liquid phase, conduction and driving force between two 

phases. 

C.E. Rufer and Kezios [8] analyzed two phase 

stratified condensation flow. A mathematical model was 

analyzed using equations relating conservation of energy, 

mass and momentum. The analysis was done for different 

angle of inclination of condenser tube, different flow 

parameters and conditions. Effect of change in vapor 

fraction along the condenser tube length was studied in 

depth for more accurate results. A procedure for finding 

flow level was finalized. 

S. Lips and Meyer [9] carried out experimental 

analysis of condensation of refrigerant R134a inside a tube 

of inner diameter of 8.38mm with mass flux of 200kg/m^2 s 

for different inclination angles. They gave the result stating 

the optimum inclination angle which gives the highest value 

of heat transfer coefficient. They proposed a new 

mechanistic model by considering gravitational force and 

capillary effect. They stated that the effect of curvature is 

very significant while calculating the heat transfer 

coefficient. The effect of vapor quality and mass flux on the 

optimum inclination angle was also studied. 

Hamid Saffari and Vahid Naziri [10] Studied heat 

transfer phenomenon in stratified flow, flowing through an 

inclined condenser tube. The investigation was done by 

theoretical and numerical analysis which included study of 

different conservation equations. The developed model was 

based on some assumptions made by authors and the 

solution was obtained by using numerical methods. Finite 

difference scheme was used to determine heat transfer 

coefficient along axial and tangential direction. The effect of 

inclination angle was found to be very dominating on values 

of heat transfer coefficient. The final optimum angle range 

for maximum heat transfer coefficient was found as 30°–50° 

from horizontal for working fluids such as R141b, R11 and 

R134a. The results thus obtained were showing a good 

agreement when compared with the data available from 

experiments for the same operating conditions. 

V. CONCLUSION 

This review paper has considered the research work related 

to horizontal, vertical and inclined tube. Various 

mathematical and experimental works that have been carried 

in past are listed considering the effect of flow pattern, void 

fraction and pressure drop. The use of condensers in recent 

industrial application made this study to be useful before 

designing the orientation (inclination angle) of the 

condenser tube. 

The various mathematical models developed in 

past have their respective limitation. Hence, a detail study of 

condensation in inclined tube considering various 

parameters has to be done in order to correctly predict the 

heat transfer rate. 
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