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Abstract - Evaporation process is a process for removing solvent from solution. This process consumes lots of energy to 

change liquid into vapor. Nowadays, the efficient use of energy is main problem for every industry. Falling film evaporators 

are solution for solve energy efficiency problem. The advantage of falling film evaporators is on operating with small 

temperature difference which means that these evaporators consume less energy than other types of evaporator. This is 

because these evaporators has high heat transfer coefficient. However, the evaporators need reliable design for maximum 

performance of the evaporator. In this work, authors have reviewed research studies on vertical falling film evaporator and 

also investigate the development of correlation for determine heat transfer coefficient.Minimum feed rate for prevent liquid 

film breakdown as well as effect of co-flowing vapor and Prandtl number on heat transfer coefficient were studied. 
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I. INTRODUCTION 

 

Evaporation is a process that removes or dehydrates 
solvent (mostly water) from solution. The solution 

can become concentrated liquid. Evaporation process 

is widely used in fruit juice industry, sugar industry, 
dairy industry even in pulp and paper industry. The 

aims of evaporation are to reduce volume and weight 

of the solution and also to increase the stability of the 

solution by reducing its water when it is liquid 
food[1-2]. 

There are many types of the evaporator for 
evaporation process, e.g. forced circulation 

evaporator, natural circulation evaporator, flash 
evaporator, and falling film evaporator. Falling film 

evaporator is similar to shell and tube heat exchanger 

in which steam condense son outside the tube and 

liquid film flows down inside the tube by 
gravity.Falling film evaporator is the most suitable 

for liquid food because it can operate under small 
temperature difference between steam and liquid film 

inside and it has higher heat transfer coefficient than 

other evaporators, shorter liquid holds up and lower 
pressure drops [3-5].Small temperature difference and 

short residence time are essential for designing the 
evaporator whichuses for heat-sensitive liquid such as 

fruit juice, dairy product, and etc. 

 

Heat transfer coefficient in falling film evaporator is 
usually described by using dimensionless 
number.Nusselt number (Nu) is the dimensionless 

number used for determining heat transfer coefficient. 

Nuis defined as: 
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Where lv is viscous length. The Nusselt number often 

related to Reynolds number (Re) and Prandtl 

number(Pr) which are defined as equation (2) and 

(3),respectively. 
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The earliest work on falling liquid film was done by 
Nusselt in 1916.  His work was onderiving equation 

for film heat transfer coefficient and film thickness. 

His correlation was known as Nusselt solution [7]: 
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However, the Nusselt solution valid at very low 
Reynolds number ( Re<30)because unrealistic 

assumptions were used. 

 
Later work is the well-known work of Chun and 

Seban[7].They performed experiments on falling 

liquid film outside tube. Heat transfer coefficient was 

investigated in two flow regime: 

 
Nusselt number for laminar regime is: 

 
0.220.822lNu Re  (5) 

 
Nusselt number for Turbulent regime is: 

 
0.4 0.650.0038tNu Re Pr  (6) 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

The Study on Parameters Affecting Performance of Vertical Falling Film Evaporator 

 

15 

Transition Reynolds number (Retr) as defined in 

Eq.(7) was used for separate flow regime between 

laminar and turbulent: 

 
1.065,800trRe Pr  (7) 

 
Their correlation has valid within range of: 

 

320 21,000Re  and 1.77 5.7Pr   
 

From correlation above, Nusselt number in transition 
regime was not considered in Chun and Seban’s 

work. Determination of the Nusselt number in 

transition regime was proposed by various works. 

The widely used method is super position which is 
defined as: 

 

n nn
tr l tNu Nu Nu   (8) 

 
Where n is constant. Superposition method was used 

by Schnabel and Schlunder[8] with power n = 2. 

Where: 

 
1/31.43lNu Re  (9) 

 
0.4 0.650.0036tNu Re Pr  (10) 

This correlation has valid in range of: 

 

1 25,000LRe  and1.75 7LPr 
 

 
As mention above, the equation (5) – (10) are not 

able works that still use for design falling film 
evaporator until now. In this work, we summarized 

several recognized correlations of falling film 
evaporator for estimate the value of heat transfer 
coefficient, and the influent of feed rate, co-flowing 

vapor and Prandtl number which effect on the 
performance of falling film evaporator. 

 

II. EFFECT OF FEED RATE 

 

The major problem that effects on the performance of 

falling film evaporator is fouling due to dry patch 
which occurred when surface is lack of liquid film. 

The heat transfer area of the falling film evaporator 
must be completely wetted all the time. The dry patch 

decreases film heat transfer coefficient. Operation 

time of evaporator will be short and need more 
cleaning time by the cause of fouling. Morison et 

al.[9] studied the minimum feed rate that required for 

falling film evaporator to prevent liquid film to break 
down and caused the dry spot to occur. They obtained 

an empirical formula for the minimum wetting feed 
rate as: 

0.764 0.255 0.018

min 0.13((1 cos ) )       ( 11) 

In addition, they reported that the effect of viscosity 

on the minimum wetting rate is less than the effect of 

surface tension ( )   and contact angle ( )   of liquid. 

 

III. EFFECT OF STEAM CO-FLOW 

 
Evaporation of falling film evaporator occurs when 

liquid flows down on the surface by gravity force and 

the tube transfers heat to a liquid film, then vapor 
occurred. A dib et al., [10] reported that the vapor 

velocity has an effect on film heat transfer coefficient 
because of vapor momentum. Mura et al. [ 11] did 

experiments on effect of co-flow for evaporating 

whole milk. The results showed that the effect of co-

flow was a few significant to film heat transfer 
coefficient, but co-flow helped to reduce dry patch. In 

2016, Mura and Gourdon [12] studied on heat transfer 

coefficient of dairy product by varying dry solid 
content (0% - 51%). The results showed that the co-

flow had effect at high dry solid content (>40%). A 

small number of researchershave studied on co-

flowing vapor.More research in this field is required.  

 

IV. EFFECT OF PRANDTLNUMBER 

 

Work on falling film evaporator at high Prandtl 
number was conducted by Alhusseini et al.[13].They 

used two propylene glycol and water. From their 

study, Nusselt number in term of Kapitza number was 
proposed. Kapitza number is defined as: 

Kapitza number, 

1/3

4/3 1/3
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g

 


  (12) 

Nusselt number in laminar and turbulent are shown in 
equation (13) and (14), respectively. 

0.158 0.05632.65lNu Re Ka  (13) 
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where: 

1 9.17A   2 0.328 130A    

 2 2

3 0.0289 152,100 2,340 7A         

0.06756 0.333 0.173 3.492.51 10 KaB Ka Re    

8.82 0.0003tC Re 
0.80.0946Re    

In transition regime, they proposed superposition of n 
= 5: 

5 55
tr l tNu Nu Nu 

 
This correlation has valid range of:124 15,600Re 

and 1.7 47Pr   
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For high Prandtl number, Arndt and Scholl, 
[14]investigated a single tube falling film evaporator 

for Prandtl numbers range of 40<Pr<155 by using 

propylene glycol and cyclohexanol as evaporating 
liquid.  

Their results showed that laminar regime can predict 
by using equation (15). In turbulent regime, the data 

best fit with Alhusseini et al inequation (14)but it has 

to multiply by a constant factor as shown in equation 
(16) 

 
0.080.57lNu Re  (15) 

 

,0.84t t AlhusseiniNu Nu  (16) 

 
Recently, Gourdon et al. [ 15] investigated the heat 

transfer coefficient in very high Prandtl within range 
of 3 -800. In laminar regime,their data satisfied with 

Schnabel and Schlunder[8]. They proposed equation 

(17) for turbulent regime as: 

 
0.2 0.650.0085tNu Re Pr  (17) 

 
They are also compared data with Arndt and Scholl[5] 

with acceptant within 30%-40%.  

 

V. CONCLUSIONS 
 

This work is a review on parameters that effect on 
performance of vertical falling film evaporator. Since 

the evaporator surface needs to be completely wetted 
all the times, all types of evaporator required 
minimum feed rate. In industrial evaporator, heat 

source normally is steam and heat transfer coefficient 
on the steam-side is higher than on liquid film side. 

Thus, the liquid film side is a controlling factor on 
performance of falling film evaporator.  

With the right design and operating condition, the 

falling film evaporator can save a lot of energy in 
industrial process. There is no single correlation for 

heat transfer coefficient which can cover the design 
of all types of evaporator. It is a challenge for 

designers for choosing right correlation for their 
design works. In industrial processes, there are a lot 

of applications which falling film evaporator can be 
used. However, more studies are required of 

improving the design of the evaporator for better 
performance.  

There are small number of reports on performance of 
industrial scale falling film evaporator.Additionally, 

some phenomena occur only in large scale such as 
co-flow.Effect of co-flow exists in small number of 

studies which only reported in dairy and paper 
industry. It needs more understand for other 

applications e.g. juice industry etc. 

Appendix A.NOMENCLATURE 

 
A heat transfer area (m2) 

g acceleration of gravity (m/s2) 

h heat transfer coefficient (W/m2
K) 

Ka Kapitza number (-) 

k thermal conductivity (W/m·K) 

lv viscous length (m) 

Nu Nusselt Number (-) 

Pr Prandtl number (-) 

Q heat transfer rate (W) 

q heat flux (W/m2) 

Re Reynolds number (-) 

 

Greek symbols 

 

  film thickness (m) 

 
 dimensionless film thickness (-) 

  mass flow rate per wetted perimeter (kg/m·s) 

  dynamic viscosity (Pa·s) 

  kinematic viscosity (m/s2) 

 

Subscripts 

 

l laminar 

t turbulent 

tr transition 
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