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ة الʙقائॻɿة الʴاقʠة معامل انʯقال الʙʲارة Ǻعʸلॻة تʙʻʳॺ الॺʠق ىدراسة تॻʮȂʙʱة عل
  فॻɿةأأنابʔʻ  ىعل

ʝـــʳلʸال:  

ʨقȄʨʡ ʗل عʺلॽات تʛʽʵॼ الॼʢقة الʛقائॽʁة الʶاقʢة اسʱعʺلʗ في العʙيʙ مʧ الॽʰʢʱقات الʻʸاॽɺة الʺʱʵلفة ل     
 ىعلأ ومعامل نقل حʛارة  والʱي تʲʺʱل في الʸʱاق الʶائل Ǽالأنʨʰب في وقʗ قʛʽʸ جʙاً  ʖʰʶǼ مʺʜʽاتها الهامة جʙاً 

 ʧȞʺǽ ʥلʚ الʸʱاق الʶائل Ǽالأنابʖʽ في وقʗ  ىعʙʺʱ علقل ما ʧȞʺǽ، حʘʽ مʙʰأ عʺلها ǽأها عʙʻ ضغȋʨ ئجʛاإوؗ
ه الʙراسة ؗانȞʷǼ ʗل ʚ، هنابȞʷǼ ʖʽل ॽɾʹانيالأ ىالʶاقȌ علالʨȞǽ ȑʚن ॽɾه الʶائل  مقارنة Ǽالʛʽʵॼʱ قʛʽʸ جʙاً 

ʦॽʺʸت ʖلʢʱت ʘʽي حʰȄʛʳت  ʜʽهʳار وتॼʱفة اخʛاو أغʹॽب ʖʽار نابॼʱفة الاخʛفي غ ʗل وضعȞʷة الȄاً أॽʁف  ʦॽʽتق ʦوت
ي غʛفة جʜاء رئॽʶॽة والʱي تʲʺʱل فأرȃعة أ ىʷǽʺل الʤʻام الʰȄʛʳʱي عل .غʛفة الاخॼʱار تʗʴ حالات الʷʱغʽل الʺʱʵلفة

الʛʽʵॼʱ ونʤام تʨزȄع الʶائل والʧʽʵʶʱ وعʺلॽة ادارة الʶائل ȞʷǼل مʦʤʱʻ. في عʺلॽات نقل الʛʴارة الʱي ʱʶǽعʺل فʽها 
 ʨائل علسقʶال ʧة مॽʁقائʛقة الॼʢال ȋة فان معأ ىॽʁاف ʖʽارة نابʛʴامل نقل الʛأثʱي ʶॽل رئȞʷǼقة  يॼʢال ʛʽʵॼʱب
داء الʺʛʵॼ تʗʴ حالات أالعʙيʙ مʧ الʳʱارب قامʗ بʱقʦॽʽ  نإولهʚا ف ʖ،نابʽائॽʁة مʧ الʶائل الʶاقʢة خارج الأالʛق

مللʛʱʺॽ وآخʛ ثانȑʨ  16فॽʁة بॽʹاوȄة الȞʷل Ǽقȑʛʢ رئʶॽي أنابʖʽ ه الʙراسة ؗانʗ الأʚخلال ه .الʷʱغʽل الʺʱʵلفة
14  ʛʱʺॽها الأمللʻع مʨʻʸʺع الʺادة الʨان ن ʛ وضعʗ سʱʺॽʱʻ 70نȞॽل ʨʢǼل  –نʨʰب ॼɺارة عʧ خلȌॽ نʴاس وؗ

نابʖʽ. واخʛʰʱت الॼارومʛʱات الʺʱʵلفة والʺʲʺʱلة في ʲؗافة الʙʱفȘ سʢح الأ ىمʻʵʶات ؗهॽȃʛة لʨʱلʙʽ الʛʴارة علبʙاخلها 
نʨʰب، حʘʽ الʛʴارة عʙʻ سʢح الأ واخʱلاف درجات الʛʴارة بʧʽ درجة حʛارة الॼʷʱع للʺاء عʙʻ الʹغȌ الȑʨʳ ودرجة

 > kg/ms < Γ 0.0585الʱي تفاوتʱʺॽʀ ʗه بʲ (Γ)  ʧʽل ʲؗافة الʙʱفȘجʗȄʛ الȃʛʳʱة عʙʻ الʺʱغʛʽات الʺʱʵلفة مأ
0.117  ʧʽة بॽʴʢارة سʛودرجة ح ̊C108.31 ىلإ C  ىلإ  18.5775KW/m²بʧʽ  (q) وجȄʛان حʛارة 118.25 ̊

25,2123 .(KW/m²  ارʛʴادة في معامل نقل الȄز Ȏحʨائج لʱʻة الʙاهʷعلخلال م Ȍاقʶائل الʶافة الʲؗ ادةȄʜىة ب 
درجات بȄʜادة اخʱلاف درجات الʛʴارة وجȄʛان الʛʴارة يʜداد بȄʜادة اخʱلاف  ǽʹاً أالȞʷل وʻʱȄاقʟ فقي الأ ʨبنʰالأ

   .تʧʽʶʴ معامل نقل الʛʴارة إلىلʥ ذ أدȐالʛʴارة مʺا 
  .معʙل الʙʱفȘ الʶائل، معامل انʱقال الʛʴارة، الॼʢقة الʛقائॽʁة، الॽʺؗ ،ʛʽʵॼʱة الʛʴارة، ʲؗافة :الʸفʯاحॻةؒلʸات ال

Abstract 
     Falling film evaporation processes have been widely utilized in various industrial 
facilities for an extended period due to their appealing attributes, including short contact 
time, higher heat transfer coefficient, minimal pressure drop, and small process fluid 
holdup in comparison to the flooded tube evaporator. This investigation involved the 
design of an experimentally rigged horizontal tubular falling film evaporator and the 

 



  
  
  

  
assessment of its performance under diverse operating conditions. The experimental setup 
consists of four primary sub-systems supported by auxiliary devices. The key 
components include the evaporation chamber, feed distribution system, heating , and the 
water circulating system. In the heat transfer process of falling film using on horizontal 
tubes the overall heat transfer coefficient is influenced mainly by the falling film 
evaporation outside tubes, A series of experiments have been performed to evaluate the 
performance of The evaporator behaves differently under various operating conditions.. 
A horizontal tubes  whit a major diameter 16mm a minor diameter of 14mm and 70cm 
length copper-Nickel tubes heated by internal electric heaters so that a uniform heat flux 
was generated on the outside surface of tubes. The evaporator exhibits varying 
performance under different operating conditions., where examined, the Experiments 
were conducted at different variable such flow density (Γ) varies between 0.0585 kg/ms < 
Γ < 0.117 kg/ms, surface temperature from 108.31c̊ to 118.25c̊ and heat flux from 
18.5775Kw/m² to 25,2123Kw/m². And the results shows   the heat transfer coefficient of 
falling film evaporation outside horizontal tubes increases with the increase in liquid 
feeding, the decreases of the temperature differences, the heat flux increases. 
Keywords: falling Film, Evaporator, Heat Transfer, Coefficient, Heat, Flow rate. 
 
1 -  INTRODUCTION 
1.1 Background 
     Evaporation is one of the most energy intensive processes , It is a unit operation that is 
used extensively in processing foods, chemicals, pharmaceuticals, fruit juices, sugar 
industries, desalination, dairy products, paper and pulp, and both malt and grain 
beverages. Evaporation process starts with a liquid product and ends up with a more 
concentrated product from the process. In some special cases, the evaporated, component 
is the main Product such as in desalination plant (Ulhasan & Ali, 2009). Evaporators are 
used to concentrate a solution through evaporation. During the evaporators operation two 
main points are always considered, suitability of the equipment for its best duty and 
efficient and economical use of the equipment. Therefore, many types of evaporators and 
many variations in processing techniques have been developed to take into account 
different product characteristics and operating parameters. The different types of 
evaporators are, forced circulation evaporators, natural circulation evaporators, rising 
film tubular evaporators, falling film tubular evaporators, Rising/falling film tubular 
evaporators, plate evaporators and multiple effect evaporators. Multiple effect 
evaporators are used to achieve heat economy by recovering heat from vapors, which can 
be further utilized in other effects operating at lower boiling temperature. (Pacheco & 
Frioni, 2004) 
Since the main objective of all types of evaporators operations is to improve the 
efficiency and effectiveness of the process through efficient utilization of heat and 
energy. Therefore reliability of evaporation processes like thermal desalination, 
processing of sugar juice etc, strongly depends on the calculation of heat transfer 
coefficient. Heat transfer coefficient is also mainly estimated during the designing of an 
evaporator (Prost et al., 2006). 
Economic and environmental considerations continue to drive strong interest in 
increasing the efficiency of thermal systems. In many cases, this is achieved by 
improving the performance of heat exchangers. In widely used shell-and-tube heat 

 



  
  
  

  
exchangers, conventional flooded evaporator designs fill the shell-side area with working 
fluid. One alternative is designs based on falling-film evaporation, which maintain only a 
thin liquid film over the tubes. This leads to a reduced working fluid inventory, higher 
heat transfer coefficients with negligible pressure drops, and closer approach 
temperatures, yielding more compact designs with potentially lower costs and improved 
heat transfer performance. Ultimately, this increases cycle efficiencies while reducing the 
required working fluid charge, which lowers capital costs and environmental impact. This 
has led to their usage in the refrigeration, petrochemical, and desalination industries 
(Bustamante et al., 2014). 
Falling-film evaporator designs are typically based on films falling over horizontal or 
vertical round tubes. Recently, horizontal tube designs have demonstrated several 
advantages over vertical units, including higher heat transfer coefficients, external tube 
enhancements, and closer approach temperatures (Thome, 2004). 
Heat transfer through the process of falling film evaporation has been widely employed in 
heat exchange devices in chemical, refrigeration, petroleum refining, desalination, dairy, 
brewing, and coke industries. The horizontal-tube falling-film evaporator usually consists 
of a bundle of horizontal tubes connected by headers at each end as in a conventional 
shell-and-tube heat exchanger. In this case, however, the shell-side liquid flow is 
introduced through spray nozzles at the top of the bundle. Falling, evaporating films are 
then formed on the outside tube surfaces. Thus, the liquid falls by gravity from tube to 
tube, redistributing itself on each tube. 
 The principal advantages of horizontal-tube falling film evaporators are high heat 
transfer rates at small temperature differences and low liquid requirement as compared 
with flooded bundle evaporators. Since there is no liquid pool, the effect of hydrostatic 
head on the heat transfer is eliminated. 
The formation of scale on the tube side in a vertical-tube falling film evaporator can 
reduce the liquid flow in the tube, thereby accelerating the formation of additional scale. 
By contrast, in a horizontal-tube evaporator, since the film flow is on the outside tube 
surfaces, the possibility of scale build-up blocking the liquid flow is minimal, and the 
shell-side deposit is easier to remove. The horizontal-tube falling film evaporators also 
show advantages over vertical-tube evaporators in dealing with problems such as liquid 
distribution, leveling, non-condensable gases on the tube side, and liquid entrainment 
(Yundt & Rhinesmith, 1981). 
The horizontal tube multiple effect (HTME) distillation system incorporates horizontal 
heat transfer tube bundles with steam condensing on the inside of the tubes and brine 
vaporizing on the outside. The HTME process may produce potable water more 
economically than other systems due to the efficient heat transfer realized by the thin film 
evaporation and the elimination of many of the intereffect pumps and the associated 
equipment  . 
Horizontal falling-film evaporators have been installed in a wide variety of commercial 
applications in the chemical process industries. This type of evaporator is used widely in 
concentrating chemicals that are sensitive to heat, such as ammonium nitrate and urea. 
Here, minimum heating time is desirable to prevent decomposition. In the closed cycle 
ocean thermal energy conversion system, a horizontal tube spray film evaporator was 
proposed to operate at low temperature difference without introducing hydrostatic head 
problems (Chyu, 1984). 

 



  
  
  

  
1.2  Principles and types of Falling film evaporation process 
Evaporation is an operation used to remove a liquid from a solution, suspension, or 
emulsion by boiling off some of the liquid , This is a thermal separation process, also 
known as thermal concentration. It involves transforming a liquid product into a more 
concentrated, yet still liquid and pump able concentrate as the final product. Falling film 
evaporators operate with either parallel flow or counter flow for the liquid and vapor. The 
liquid that needs to be concentrated or evaporated is heated to boiling temperature. A 
uniform thin film is introduced into the heating tubes through a distribution device at the 
top of the evaporator, descends at boiling temperature, and undergoes partial evaporation. 
The downward motion, caused by gravity, is further enhanced by the concurrent vapor 
flow. Falling film evaporation processes operate on different working principles 
depending on the requirements, yet they all aim to evaporate a certain amount of the 
working fluid. In air conditioning and refrigeration application the evaporation process is 
used as a means of heat transfer. On the other hand , in the food industry where many 
substances are heat sensitive, the process is a means of mass transfer. In this process, a 
slender layer of the substance undergoing concentration flows down within the heat 
exchange tubes, while steam forms droplets on the exterior of the tubes, providing the 
necessary heat to the interior of the tubes. Meanwhile, depending upon the application, 
the falling film evaporators can be categorized into two main groups; vertical tube falling 
film and horizontal spray-film evaporator having either parallel flow or counter flow 
arrangements. The working fluid is preheated near its saturation temperature in a vertical 
arrangement before being fed through a vertical tube from top to bottom, allowing it to 
fall due to gravity. Meanwhile, the heat supplying fluid, typically steam, is passed over 
the outside surface of the tube. In a horizontal tube arrangement, the working fluid flows 
from one end to the other while the heat supplying fluid flows over the tubes. Depending 
on the application, the process may also occur in reverse, with the working fluid flowing 
over the tubes and the heat supplying fluid flowing through the tube (Elias , 2004). 
The reliability of the thermal desalination simulators strongly depends on the calculation 
of the heat transfer coefficients ( h ) used to model the heat transfer phenomena in the 
desalting process. 
Three types of evaporators: horizontal falling film evaporators (HFF), vertical falling film 
evaporators (VFF) and vertical rising film evaporators (VRF). The use of the appropriate 
(h) correlation is essential to provide a reliable set of performance results when a new 
configuration is being designed. 
(Uche et al., 2003), compared different heat transfer coefficient correlations for thermal 
desalination units. They concluded that the performance of the thermal desalination units 
strongly depends on the calculation of the heat transfer coefficients used to model the 
heat transfer phenomena in the desalting process. The authors used different correlations 
for calculating heat transfer coefficient in three types of evaporators, Horizontal Falling 
Film evaporators (HFF), Vertical Falling Film evaporators ( VFF) and Vertical Rising 
Film evaporator (VRF). Comparison of about six or seven correlations were made for the 
water and for vapor side of the evaporator/condenser included in the thermal desalination 
unit. After examining the results from different correlations, the authors selected some 
correlations which were considered the best alternative to include in the models 
describing the performance of Multi-Stage Flushing(MSF), Vapor Compression(VC) and 
Thermal Vapor Compression(TVC) plants. 

 



  
  
  

  
1.2.1 Vertical  Evaporates 
In this type of heat exchanger, evaporation takes place inside vertical tubes, and 
condensation outside them. The seawater is sprayed into the inner tube wall of the 
vertical tube, and it flows down as a film. Therefore, the brine has to be pumped from the 
bottom to the top of each effect before being sprayed. Different methods available for 
finding out heat transfer coefficients for evaporation . 
Evaporators installed with a vertical orientation may not be of as great a commercial 
interest as horizontal evaporators, but certain of the insights gained from the research on 
vertical evaporators may also apply to horizontal evaporators. the boiling fluid is outside 
the tubes. Essentially the thickness of the liquid layer will be greater for long vertical 
tubes which decreases the coefficient of heat transfer at the top of the tube because of the 
large thickness needed there. Nevertheless, a long tube can generate a turbulent regime 
that intensifies the coefficient of heat transfer. 
The hydrodynamic process of the liquid on the exterior of the tube controls the heat 
transfer. An Nusselt's early studies examined the creation of a flat film during the 
condensation process, which expands as the tube length increases. The development of 
the falling film evaporation technique took nearly fifty years to perfect, as illustrated in 
Figure 1. The primary challenge was creating a system that could evenly distribute liquid 
to all the tubes. Unlike the rising film evaporator, where distribution was straightforward 
due to the full pumping of liquid into the bottom bonnet of the calandria, falling film 
distribution typically involves a perforated plate above the top tube plate. Some 
manufacturers also utilize flash vapor generation to enhance liquid spreading. The 
advantage of the falling film evaporator lies in the fact that the film flows with gravity, 
resulting in a thinner, faster-moving film, shorter product contact time, and improved heat 
transfer coefficient (h). (www.apv.com) 

 
Fig(1) Falling film on vertical tube 
 
1.2.2  Horizontal  Evaporator  
These were the first kind of evaporators that were developed and that came into 
application. They have the simplest design of all evaporators. It has a shell and a 
horizontal tube such that the tube has the heating fluid and the shell has the solution that 
has to be evaporated. It has a very low initial investment and is suitable for fluids which 
have low viscosity and which do not cause scaling. The use of this kind of evaporator in 

 



  
  
  

  
the present day is very less and limited to only preparation of boiler feed water. This 
evaporator is a modification of horizontal tube evaporator. It is a kind of horizontal 
falling film evaporator and in those evaporator, the liquid is distributed by a spray 
system. This sprayed liquid falls from one tube to another tube by gravity. In such 
evaporators, the distribution of fluid is easily accomplished and the precise leveling of 
fluid is not required (Jaishree, 2010). 
Horizontal falling film evaporators have gained widespread acceptance in the 
desalination industry due to some inherent advantages. Brine is sprayed and distributed as 
a film over the outside of a horizontal tube bundle as show Fig(2).  and the heating steam 
condenses inside the tubes.  

 
Figure (2). Horizontal tube falling film distribution. 
High heat transfer coefficients are achieved (the liquid is in the form of a very thin film), 
and this design has a number of distinctive practical advantages.  
Horizontal evaporators utilizing the principle of falling films have certain advantages 
over vertical evaporators: 
*The coefficient of heat transfer is higher. 
*The flow distribution is more uniform that permits a reduction in the recirculation rate 
needed to avoid dry out, and this feature permits a reduction in the evaporated liquid feed 
and allows lower pumping cost. 
*vertical evaporators must be oriented precisely vertical, while there is greater tolerance 
of deviation of the orientation from the horizontal in the case of the horizontal evaporator 
on the other hand, the horizontal evaporator is more vulnerable to dry out because of the 
interaction of the liquid flow with that of the vapor currents. in the horizontal evaporator 
where liquid evaporates on the exterior of the tubes, the hydrodynamics of the flow 
controls the heat-transfer process. It is necessary, then, to design the distribution system 
to distribute the liquid uniformly over the tube bundle so as to permit wetting of all the 
tube surfaces. 
In general, the distribution system feeds the upper tubes of the bundle in such a way that 
the liquid drops down from one tube to another. The tubes most likely to suffer dry out 
are those in the lower portion of the bundle. In the case of large heat exchangers it may be 
possible to provide some distribution streams in the upper part of the bundle and some 
originating over the tubes (Gonzalez et al., 1992). 

  



  
  
  

  
1.3 Objective 
In this study, the test facility Mack of  a The evaporator consists of three horizontal rows 
of tubes, with water serving as the working fluid that travels over the tubes, in addition to 
the use of . electrical heater, through the tubes. to the calculation of heat transfer 
coefficient between the falling film a tube surface ,   The main objectives of the research 
are listed as follows: 
• Design and fabrication of an experimental falling film evaporator. 
• Measure the tube surface temperature and heat generated from the     electrical  heater 
during falling-film evaporation of water over    horizontal tubes. 
• Calculate the heat transfer coefficient . 
2 -The Experimental Set-up 
2.1  Facility for Falling Film Technology 
The objective of the experimental with the falling film facility was to obtain accurate 
values of local heat transfer coefficients on an horizontal  tube for different surface 
temperatures. The ranges of experimental conditions tested are shown in Table 2.1. 
The ranges of experimental conditions tested are shown in Table 2.1 
Table .1: Experimental test conditions3.2 

 
2.2  Experimental Setup Description. 
Figures 3.1 and 3.2 display the schematic diagram and detailed experimental set-up, 
respectively. The experimental system comprises four main systems, with the primary 
system being the evaporation system, primarily made up of .  an evaporator  tubes and 
surrounding chamber, a recalculating feed water system, and the associated control 
system In addition to these systems, the measuring devices. to measure surface  
temperature, saturation temperature, electrical current ,and thermostat for variation 
temperature through  the Experiment . The details of all components involved in the set-
up are given individually in the following section. 

.2. 3 Test section 
The requirement for the test facility was designed  to provide an even distribution of 
water at saturation to an electrically heated horizontal tube for specified ranges of flow 
rate and heating power. , the preheated water was circulated by a pump (driven by a 
motor, 0.5 hp, 2800 rpm) through a filter,  to feed the test chamber. The feed water 
temperature was preheated  96.25°C,a  maximum limit of operation. The flow rate into 
the test chamber was fine-controlled by a valve, the water was heated in the distribution  
tank (stainless steel, 80 cm x 20 cm) by an electric heater (BALCIK VDE A1,220V 
1000W 4814).the generated vapor was condensed  in a water-cooled condenser. The 
condensate was directed back to the tank. The pressure in the chamber was atmospheric. 
the test chamber was designed and constructed to perform falling film evaporation. as 
shown in Fig. 2.1, the test chamber consists of  an inner container for liquid distributor, 
test section consists of three tubes, the main heating elements inside the tubes and 
auxiliary heater which placed inside the liquid distributer. The other components of the

 



  
  
  

  
rig are, the pre heater to heat the water to 80c̊ , the condenser,  the pump, and feed water 
tank. 

 
Figure 3.  Experimental Setup Details. 
2.3.1  The Tube Bundle distributor 
Arrangements of the liquid feeder and the two heated tubes that are installed in an 
airproof chest. The liquid feeder was placed in the highest point of the distributor above 
the heat tubes  copper Nickel  the heated tubes has an elliptical shape with of measure 
Diameters a=16mm and b=14 mm. The space between  the tubes is fixed at 10 mm, and 
the minimum height  between the liquid feeder and heated tube is also 10 mm . as show 
in Fig. (4). 

 
Figure 4. Schematic of the tubes layout 
 3-  Data Collection 
The dimensions and layout those used for this study correspond to those similar used in 
desalination plants. The tube pitch center-to-center was 26mm, allowing three tubes to be  
installed. With a tube diameters of  a=16mm and b=14mm, and   intertube  spacing's of 
10mm.  
 Using heater inside the tubes to evaporate water on the outside of the tubes. the water 
undergoes about tubes a saturation temperature remains constant. While the surface 
temperature change. This produces a variation in variance in temperature among the 
saturation temperature and average temperature variance in temperature among the tubes. 
The average wall superheat, ΔT, was calculated by taking The variance between the mean 
wall temperature and the saturation temperature. the film rate of flow per unit distance 
per side of tube, Γ(kg/s-m), was calculated by dividing  of the total mass flow rate ṁ 
(kg/s), by the cylinder length, L(m), i.e. 

 



  
  
  

  
Γ=m̊/l………3.1 
The local heat flux The tube's outer surface could be derived from heated by 
 electric power controlled by a Riostate  its Calculated electrically, i.e.   . 
Q=IV…………3.2 
The local Total heat transfer coefficient . ( h ) The heat flux can be used to calculate..  
                                                   h=q̋/Δt……………3.3 
3-1 Effect of feed flow rate 
The effect of film flow rate on the heat transfer coefficient of the smooth Horizontal tube 
surface  was investigated in more detail. The evaporation heat transfer coefficient vary 
with the different flow density as shown in Fig. (5),Fig. (6),and Fig.(7) In this experiment 
feed liquid temperature to the second tube after pre heating on the first tube was 96.25°C, 
where saturation temperature could not be reached and  The temperature at the surface of 
the tube was varied as fallows 108.31°C,112.25  ͦ C, 116.25 ͦ C, and 118.25  ͦ C at every  
heat flux. three value of heat flux where experimented as fallows  25.2123 KW/m², 
21.2314 KW/m², and 18.5775KW/m².From Fig.(5) ,Fig.(6), and Fig.(7) it can be seen that 
with increasing  flow density, the heat transfer coefficient increases. This results is 
similar  to that by (Xu et al., 2004). The reason may be because with the increasing of the 
flow density, the velocity of the liquid is also increased, which can enhance the 
fluctuation of falling film. This helps to enhance the convective heat transfer. This helps 
to enhance the convective heat transfer. 

 
Fig. 5. Effect of flow density on heat transfer coefficient at constant heat flux per 
area=25.2123 KW/m² and tube surface temperature. 
It can be seen in Fig.( 6 ) that with the increasing of the flow density, the heat transfer 
coefficient increases with all variation surface temperature . This result is similar to that 
Fig(5) The reason may be because with the increasing of the flow density, the velocity of 
the liquid is also increased, which can enhance the fluctuation of falling film. This helps 
to enhance the convective heat transfer, but value of transfer coefficient became lower at 
heat flux  21.2314 KW/m². 
In fig. (7) the flow density the heat transfer coefficient increases with all variation surface 
temperature, at heat flux 18.5775 KW/m² while values of heat transfer coefficient its 
higher compare whit values of heat transfer coefficient in Fig (5), and fig(6) , because the 
values of temperature differences at constant heat flux (q̋ =18.5775 KW/m2 ) was smaller 
than values of different temperature at constant heat flux (q̋ =25.2123KW/m2) , and (q̋ 
=21.2314KW/m2 ).While values heat transfer coefficient its highest at surface 

 



  
  
  

  
temperature (103.75C̊), this is due to decreasing temperature differences  (ΔT) at heat 
flux (q̋ = 18.5775KW/m).   

 
Fig. 6. Effect of flow density on heat transfer coefficient at constant heat flux per 
area=21.2314 KW/m2 and tube surface temperature. 
 

   
Fig. 7. Effect of flow density on heat transfer coefficient at constant heat flux per 
area=18.5775KW/m2 and tube surface temperature. 
The experimental results show that the heat transfer coefficient increases with the 
increase of evaporation temperature in the range of 40 ∼ 65 ◦C. Increasing the 
evaporation temperature is conducive to improve the orc cycle efficiency and the heat 
transfer efficiency of the evaporator. The improvement of the heat transfer efficiency of 
the evaporator will reduce the irreversible loss of the evaporator. (Hu & Guo, 2022). 
In the convective evaporation regime, several heat transfer coefficient trends have been 
observed with increasing flow rate. The heat transfer coefficient first increases, reaches a 
local maximum, then decreases to a local minima and begins increasing again. There is 
general agreement that the initial increase in heat transfer coefficient is due to reduced 
levels of dryout on the tube. Then, when the tube is fully wetted, this trend reverses as the 
laminar thin film becomes thicker, decreasing the heat transfer coefficient. The final 
increase in heat transfer coefficient as flow rate continues to rise has often been attributed 
to turbulence (Chyu, 1984).  
These conflicting influences of flow rate on heat transfer coefficient have resulted in a

 



  
  
  

  
number of trends being observed in experimental studies. Several groups have found that 
the heat transfer coefficient first decreases, and then begins increasing.  (Chyu, 1984). 
Meanwhile, other studies have only observed heat transfer coefficient increasing with 
flow rate (Fletcher et al., 1975). 
3.2 Effect of Different Temperature  
Falling film evaporation heat transfer coefficients increase with both heat flux and 
saturation temperature, as reported by (Chen & Jebson, 1997) showed that. This is 
generally attributed to the liquid viscosity decreasing with increasing temperature. This 
decreases the thickness of the film, leading to a lower heat transfer resistance and higher 
heat transfer coefficients. However, under evaporation conditions , only.  
(Li et al., 2010) observed a decrease in heat transfer coefficient with an increase in 
temperature in tests with horizontal round tubes using water at low Reynolds number. 
The effect of different temperature on the heat transfer coefficient of the smooth elliptical 
tube  was investigated in more detail. Figure (4.12 to 4.14) presents three heat transfer 
coefficient ( h ) vs. deferent temperature  (Δt) curves with constant heat fluxes. the heat 
transfer coefficient decreases as different temperatures increases . 

 
Fig. 8. Effect of deferent temperature on the heat transfer coefficient at heat flux=25.2123 
KW/m2. 
 

 
Fig (9). Effect of deferent temperature on the heat transfer coefficient at heat 
flux=21.2314 KW/m2. 

 



  
  
  

  

 
Fig.(10). Effect of deferent temperature on the heat transfer coefficient at heat 
flux=18.5775KW/m2 

4. Conclusion 
A falling film evaporation system using the horizontal tube evaporator was designed, 
fabricated, and tested. A series of experiment have been conducted under different 
operating conditions. A investigation of falling-film evaporation over horizontal elliptical  
tubes was conducted, The scope of the present study included three experimental studies: 
an assessment of liquid distributors for falling-film systems, and measurement of heat 
transfer coefficients for a range of conditions. Experiments were carried out on heat 
transfer coefficients of falling film horizontal tube evaporators. the following conclusions 
can be made: 
1) several problems were faced, due to shortage of required technical tools and 
equipments to conduct the experiment in the best way. But the experiment were carried 
out with the available and the results were encouraging and similar to several studies , 
particularly those which used water. 
2) When the flow density varies between 0.0585 (kg/m,s) ≤ Γ ≤ 0.1174  (kg/m.s), the 
increasing of the flow density helps enhance the heat transfer coefficient which in the 
range of  
1.06 kW/m2 C̊) ≤ h ≤ 3.53 (kW/m2 C̊ ).  
3) The increasing of the temperature different, the heat transfer coefficient  increases. 
With the increasing of the temperature differences, heat transfer coefficient is enhanced. 
The reason is that with the increasing of the heat flux, temperature differences are 
increased, the temperature of the tube surface is enhanced.  
4) It can be seen very high heat flux (q̋ = 25.2123 KW/m2 ) at constant surface 
Temperature (108.31C̊), at all values of flow density  this is due to temperature 
differences (ΔT) was very low. 
5) The heat transfer coefficient decreases as different temperatures increases . the low 
heat flux it became  lower heat transfer coefficient approximately at flow density (Γ= 
0.0585 Kg /m.s ) ,  
6) (Γ = 0.0764 Kg /m.s), and (Γ = 0.0971 Kg/m.s),while at flow density (Γ=0.1174 
Kg/m.s) remain changeless ,because of there is no mechanism for heat flux to increase 
heat transfer coefficient. 
7) The findings of the present study make a significant contribution to  the understanding 
of falling-film evaporation. 

 



  
  
  

  
NOMENCLATURE 
A area. [m2] 
˚C Centigrade 
H liquid distributor height. [m] 
h Heat Transfer Coefficient.[KW/m²] 
Q Heat Input. [W] 
. [Kg/s] Mass Flow Rate m 
q̋ Heat Flux. [KW/m²] 
Tw Wall temperature. [C̊] 
Ts Saturation Temperature.[C̊] 
I Electrical Current.[A] 
V Volt. [Volt] 
t Temperature Deference.[C̊]Δ 
г Flow Density. [Kg/m.s] 
s Second.[sec] 
s tube or test section spacing, [m] 
W Watt 
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