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ABSTRACT 

   A study has been done on experimental investigation of the 

flow characteristic of water falling film in spiral tubes. The ratio of 

the surface film velocity to average film velocity (us/uF) is less 

than 1 for low angle of inclination (4-8 o)  where as it increases as 

the angle of inclination increases reaching a value of about us/uF = 

1.2 . This small value of the velocity ratio is due to the liquid film 

rotation in coil which causes some deletion. 

   The film thickness (δ) experimental data correlated well by 

the following equation:  

           δ = 0.0048 ReF
0.7064 sin-1/3θ        ( with R2 = 0.959 ) 
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NOMENCLATURE 

a Constant parameter - 

b Constant parameter - 

d Tube diameter L 

D Coil diameter L 

H Pitch between two turns of coil L 

L Tube length L 

NuF Nusselt number based on film thickness  

(= δ(gρ2sinθ/μ2)1/3) 

- 

QL Liquid flow rate L3T-1 

ReF Reynolds number of film (=uFδρ/μ ) - 

t Time T 

uF average film velocity (=Г/δρ) LT-1 

us Surface film velocity  LT-1 

VL Liquid volume holdup in coil L3 

VT Total liquid volume filling the coil L3 

µ Liquid viscosity ML-1T-1 

δ film thickness L 

εL Liquid holdup - 

θ angle of inclination with the horizontal - 

ρ Liquid density ML-3 

Г liquid loading per tube perimeter (=ρQL/π d) ML-1T-1 
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INTRODUCTION 

         Falling film refers to thin liquid layer flowing under the 

influence of gravity over inclined or vertical surface. The kind of 

flow is greatly complicated due to the disturbing of its free 

surface (unbounded by a solid wall) by various forces. Such 

forces are gravity and surface tension. They are responsible for 

the waviness of the free surface. In spiral tubes, additional 

centrifugal force influences film thickness, surface profile, 

velocity profile and wave types. Secondary flow develops due to 

the curvature of the tube. Curved configurations of circular tubes, 

such as helical or spiral coils are frequently used in heat 

exchangers, gas liquid contactors & chemical reactors. They have 

many features; compactness ; high rates of momentum, heat and 

mass transfer; wide range of contact time; less wetting 

conditions.[ 1-6]  

         Despite varying applications of coils or spiral tubes, 

literature on the liquid falling film is rather scanty. Literature 

review suggested that the analysis of the flow characteristics of 

liquid falling film in spiral tubes is carried out by using the 

following dimensionless groups equation of the following form. 

[1,2,4] 

         

NuF = a ReF
b                 …………………………….. ……... (1) 
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where NuF= δ(gρ2sinθ/μ2)1/3(Nusselt number based on film 

thickness), ReF=uFδρ/μ (Reynolds number of 

film),uF=Г/δρ(average film velocity), δ=film thickness, θ=angle 

of inclination with the horizontal, Г=liquid loading per tube 

perimeter (ρQL/π d). 

         The purpose of the present study is to investigate 

experimentally the effect of coil parameters (curvature or coil 

diameter (D), pitch between two turns (H) or the angle of 

inclination θ), tube diameter (d) and liquid flowrate (QL) on the 

falling film hydrodynamics. 

 

EXPERIMENTAL WORK 

The schematic diagram of the experimental setup is shown 

in Figure (1). Detailed dimensions of the coils used in the 

experiments are given in Table (1). 

Experiments have been conducted to measure liquid 

holdup (εL) and the surface film velocity (us) at different water 

flowrates (QL) and different coil parameters (curvature or coil 

diameter (D), pitch between two turns (H) or the angle of 

inclination θ (Table (2)), & tube diameter (d),with constant tube 

length (L) of 3 meters. 

     Liquid holdup (εL) was measured by sudden shutting of 

the inlet and outlet valves of the coil (V1& V2). The collected 

water in the tube (VL) was measured by a graduated cylinder. Then 

the liquid holdup was calculated by the following relation: 
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  εL = VL/VT                …………………………….. ……... (2) 

 

where, VT is total tube volume equal to (π/4)d2L 

      Liquid film thickness (δ) was calculated from the data of 

liquid holdup assuming uniform thickness distribution as: 

   

   δ = (d/2) ( 1 -  ( 1 - εL  )0.5 )     …………………….. ……... (3) 

 

 

   Surface velocity (us) was measured by inserting a small foam 

particle (about 1 mm diameter) into the flow through a hole near 

the top entrance. The time required for the particle to travel the 

distance of the tube length (L=3 m) was measured. The time 

measurement was repeated many times & taking an average value. 

        

 us = L / t                      ……………………….. …………... (4) 

 

 

where as the average film velocity can be calculated from the 

following equation.[ 4] 

       

  uF = QL / (π d δ)   …...……………………….. ……...  (5) 
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RESULTS AND DISCUSSION 

1- Surface Falling Film Velocity(us) 

         Figures (3) to (6) show the effect of film Reynolds number 

(ReF) on the ratio of (us/uF) at different coil parameters (curvature 

or coil diameter (D), pitch between two turns (H) or the angle of 

inclination θ), & tube diameter(d). The velocity ratio are fairly 

constant at a given angle of inclination. The value of us/uF less 

than 1 for low angle of inclination (4-8 o)  where as it increases as 

the angle of inclination increases reaching a value of about us/uF = 

1.2 . This is less than the value published in the literature[4]of  us/uF 

= 1.5 to 2 for circular tube vertical falling film.The reason of this 

deviation is because of the liquid film rotation in coil which causes 

some deletion. 

2- Film Thickness (δ)   

       Figures (7) to (10) show the effect of film Reynolds number 

(ReF) on the film thickness (δ) calculated by equation (3) at  

different coil parameters (curvature or coil diameter (D), pitch 

between two turns (H) or the angle of inclination θ), & tube 

diameter(d). Film thickness increases with increasing film 

Reynolds number (ReF), where as it decreases with increasing  the 

angle of inclination(θ).The trend of the results is in agreement with 

literature.[ 1,2,4]. 

   The following equation correlate the experimental data very 

well: 
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      δ = 0.0048 ReF
0.7064 sin-1/3θ     ……………………….. ….. (6) 

 

with R2 = 0.959 

    Figure (11) show that the experimental results of the film 

thickness (δ) are of good agreement with the predicted values 

obtained from the correlation of equation (6). 

 

CONCLUSIONS 

     The following conclusions can be drawn from the 

present work: 

1. The ratio of the surface film velocity to average film 

velocity (us/uF) is less than 1 for low angle of inclination 

(4-8 o)  where as it increases as the angle of inclination 

increases reaching a value of about us/uF = 1.2 . This small 

value of the velocity ratio is due to the liquid film rotation 

in coil which causes some deletion. 

2. The film thickness (δ) experimental data correlated well by 

the following equation:  

δ = 0.0048 ReF
0.7064 sin-1/3θ        ( with R2 = 0.959 ) 
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Table (1) Detailed dimensions of the coils used. 

Tube diameter     (d) 10 , 20          mm 

Coil diameter       (D) 100 , 200      mm 

Pitch                      (H)  30 , 60 , 90   mm 

Tube length          (L)      3                m   

 

Table (2) Experimental angle of inclination cases. 

D (mm) H (mm) 'tan θ θ 'sin θ 

100 30 0.15 8.5 0.1478 

100 60 0.3 16.7 0.287 

100 90 0.45 24.2 0.41 

200 30 0.075 4.3 0.075 

200 60 0.15 8.5 0.1478 

200 90 0.225 12.7 0.22 
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Figure (1) Experimental Setup 

 

 

 

Figure (2) Geometry of the test section. 

 

T1: Storage vessel 

T2: Constant head vessel 

FI: Flowmeter 

P: Pump 

D: Mandrel Diameter 

V1-V5: Valves 

d: transparent PVC tube  

D 

T1 

T2 

FI 

P 
PVC 

Mandrel 

V1 

V2 

V3

3 

V4 

V5 

d 

Foam 

particle   

inserting 

95

18

67

36

24

83

10

5 

(95-101) 



Tikrit Journal of Eng. Sciences/Vol.14/No.2/June  2007 

 

 

Figure (3) The variation of the ratio of the surface film 

velocity to average film velocity (us/uF) at  different angle of 

inclination θ, (d=10mm, D=100).  

 

 

Figure (4) The variation of the ratio of the surface film 

velocity to average film velocity (us/uF) at  different angle of 

inclination θ,(d=20mm, D=100).  
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Figure (5) The variation of the ratio of the surface film 

velocity  to average film velocity (us/uF) at  different angle of 

inclination θ,(d=10mm, D=200). 

  

 

Figure (6) The variation of the ratio of the surface film 

velocity to average film velocity (us/uF) at  different angle of 

inclination θ,(d=20mm, D=200).  
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Figure (7) The variation of the film falling thickness (δ) 

at  different angle of inclination θ,(d=10mm, D=100). 

 

 

Figure (8) The variation of the film falling thickness (δ) 

at  different angle of inclination θ,(d=20mm, D=100). 
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Figure (9) The variation of the film falling thickness (δ) 

at  different angle of inclination θ,(d=10mm, D=200). 

 

 

Figure (10) The variation of the film falling thickness (δ) 

at  different angle of inclination θ,(d=20mm, D=200). 
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Figure (11) Comparison of the experimental results of  the 

film thickness (δ) with the predicted values obtained 

from the correlation of equation (6). 
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 دراسة طبيعة جريان الغشاء الساقط في الأنابيب اللولبية

 غسان حمد عبد الله             الرحمن   د.زيد عدنان عبد

 مدرس                          مدرس مساعد       

 جامعة تكريت --قسم الهندسة الكيمياوية 
 
  الخلاصة    

تهممد سأاد ألممجسأا سا ممجساللمممه ستمهي  ممسس لمم سط  مممجسلهيممس سأاغشممسءس
أاقمس طس مم سأ نسك مبسأال ا  ممج.سو ممدسولمدس  سنقمم جسلممه جسلملاسأاغشممسءسأاقممس طس

س8-4)سθا أويممجسممم   سس1 مم سأ مملسمممنسسFu/s(u ( امم سمل لممطسلممه جسأاغشممسء
.سس1.2سة لج(سك نلسست ةأةس  هسأانق جسمحسزيسةوسا أويجسم   سالللس ا سحم أا 

و مممم هسأاق لممممجسأاقل لممممجستل,ممممنس  لس هممممسس امممم سةو أ سرشممممسءسأاقممممس لسأاقممممس طس مممم س
سأ ن  سسأال ا  سوأا لستق بستلر هساقه جسللاسأاغشسء.

وتمماسممسامممجسأانلممس نسأالمهي  ممجساقممل سأاغشممسءسأاقممس طسوأالم  ممهس ل هممسس
سبل  وسل دوسبسالمسةاجسأالسا ج:

δ = 0.0048 ReF
0.7064 sin-1/3θ    (R2 = 0.959    المسملسأ ت سط ) 

 
 الكلمات الدالة 

سملف سأن  سسحل ون  سأاغشسءسأاللقس ط سر أصس سيد وةينسم , جس
س
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