
ESTIMATION OF THE CONVECTIVE HEAT TRANSFER COEFFICI ENT 
FOR TANK SHELL COVERED WITH FALLING WATER FILM  

 
O.E. Basmanov1, Y.S. Kulik1  
 
1 National University of Civil Protection of Ukraine, Ukraine 

 
Abstract 
 

The methods of similarity theory were used to identify the convective heat 
transfer coefficient for tank shell covered with the falling water film generated 
by spray distribution rings. Dependencies of the film thickness and its falling 
rate on the water flow rate are provided herein. 
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1. Introduction 
 
The main hazard of fire in the oil depots lies in the tank heating due to thermal 

influence that fire makes. Certain elements of the tank structure can be heated to the 
autoignition temperature of the vapors exhaled by the contained oil products, and that 
can cause inflammation of vapors at the vent valves of the tank or explosion in the 
vapor space of the tank. The work [1] contains historical survey of fire and 
explosions in the hydrocarbon industry. Tank cooling is the key issue to be solved for 
tank or dike fires. One of the options for tank shell cooling is using fixed spray 
distribution rings. 

The study [2] is based on analysis of the model of heat influence that fire in 
the tank makes on the adjacent oil-product tank. The model anticipates thermal 
radiation and convective heat transfer. Besides, the study is purposed at defining 
optimal dislocation of the fire-fighting hoses for cooling the nearby tanks. Herewith, 
it is assumed that the water flow rate of the fire-fighting hoses ensures sufficient 
level of cooling; though selection of the proper flow rate is made based on the 
regulatory documents only. The study [3] describes the trial of the scaled-down tank 
shell model (cooling area: 0.25 2m ) and the fire-fighting hose (nozzle diameter: 
13 mm, water consumption: 4 sl ) and provides estimation of the convective heat 
transfer coefficient between the tank shell and the falling water film. However, water 
spay cooling is peculiar for splashing of sufficient part of water from the tank shell 
(up to 80% [4]) and uniformity of the water film being formed. That makes accepting 
the results of study [3] directly to the case of applying the spray distribution rings 
impossible. 

 
2. Results and Discussion 
 
The Reynolds number for the water film falling down the vertical shell due to 



gravitational pull is defined using the following formula: 
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where G  is the mass flow rate per the film width unit ( smkg ⋅ ) and µ  is the fluid 
dynamic viscosity ( sPa ⋅ ). Considering relation between the mass flow rate G  and 
the flow delivery rate I , 
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where cρ  is the water density, the following equation is generated: 
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where cν  is the fluid kinematic viscosity ( sm2 ). Considering that water kinematic 

viscosity is ( ) sm..c
26100130 −⋅÷=ν  within the temperature range 

( ) CT o
c 10020÷= , with the flow rate of sm.I 231021 −⋅≥  the Reynolds number 

will be 
 
 1200Re≥ . 
 

The recommended critical value of the Reynolds number for the severe 
turbulent conditions of the film falling is 1200Re =cr  [6]. Thus, while cooling the 
tank shell with the fixed spray distribution rings, the severe turbulent conditions of 
the water film falling are created.  

Water film thickness is defined using the formula 
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δδ  is the dimensionless film thickness; g  is the gravitational 

acceleration; fc  is the rate of the film friction against the tank shell; "ρ  is the 

ambient air density. Considering that the water density is 3 times higher than the air 
density, the formula (2) can be made simpler: 
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The friction rate fc  is taken up as the ratio for the turbulent flow of the fluid 

across the plain surface [7]: 
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In this case the formula for the water film thickness calculation is to look as 

follows: 
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Plugging (1) into (3) results in the following formula:  
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The study [7] describes the ratio between the water kinematic viscosity and its 

temperature as a table. This ratio can be approximated as an exponential function: 
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where cT  is the water film temperature. The error of such approximation is to be no 

more than 7.5% within the temperature range of ( ) CT o
c 10010÷=  (Fig. 1). 

Plugging approximation (5) into (4) makes the formula for the water film 
thickness calculation look as follows: 
 
 6035804370 ..
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where all values are to be provided in SI units considering the dimension factors in 
(5), (6). Fig. 2 shows dependency of the water film thickness from its temperature 
and the water flow delivery rate set for cooling.  

Analysis of the characteristic curve in Fig. 2 proves that when changing the 



water flow delivery rate within the range of 1.2 sml ⋅  to 4 sml ⋅  the water film 
thickness increases from 1.0 mm to 2.1 mm. At the same time water temperature 
rising from 10 Co  to 100 Co  results in reduction of the water film thickness by just 
10%. 
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Fig. 1. Dependency of the water kinematic viscosity of the temperature: 1 – tabular 

data [7]; 2 – approximation for the formula (5); 3 – relative error (right axis) 
 

1.2

1.8
2.4

3
3.6

10
30

50
70

90

0

0.5

1

1.5

2

2.5

I , l/m · s

T c , º C

δ , mm

 
Fig. 2. Dependency of the water film thickness from its temperature and the water flow 

delivery rate 



 
That means the formula (6) can be made simpler through plugging 

KCT o
c 32855 ==  in: 

 
 600550 ,I.≅δ . (7) 
 

Herewith, the error of such plugging in is to stay within 5%. The water film 
falling rate cw  is defined by the following dependency: 
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The dependency analysis (8) proves that in order to keep the sprinkling 

intensity within the range of 1.2 sml ⋅  to 4 sml ⋅  the water film rate is to be 
defined by the formula ( ) sm..wc 0221 ÷= . 

The convective heat transfer coefficient between the tank shell and the water 
film cα  can be defined using the following formula [5] : 
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where cλ  is the thermal conductivity rate of water; Pr  is the Prandtl number of 
water. Plugging (1) into (9) makes the last formula look as follows: 
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Considering that such water properties as kinematic viscosity cν , thermal 

conductivity rate cλ  and the Prandtl number Pr  depend on the temperature [7], the 
formula:  
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can be replaced with the linear function: 
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Approximation error (12) is to be no more than 4% within the temperature 

range of ( ) CT o
c 10010÷=  (Fig. 3). 
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Fig. 3. Dependency of the water film temperature: 1 – ( )cTf1 ; 2 – approximation 

( )cTf1
~

; 3 – relative approximation error 

 
Plugging the linear function (12) into (10) instead of (11) allows calculating 

the convection heat transfer coefficient as follows:  
 
 ( ) 2504509853238 .

cc IT. −=α . (13) 
 
Fig. 4 shows dependency of the convective heat transfer coefficient with the 

water film cα  from its temperature cT  and the water flow delivery rate I  during the 
cooling process.   

Analysis of the comparison of (13) and Fig. 4 proves that within the water film 
temperature range ( ) CT o

c 10010÷=  and the range of the water flow delivery rates 
( ) sml..I ⋅÷= 0421  the heat transfer coefficient belongs to the range 

( ) KmkW.. 201124 ÷ . Herewith, dependency ( )I,Tccα  is of almost linear character. 
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Fig. 4. Dependency of the convective heat transfer coefficient with the water film from 

its temperature and the water flow delivery rate  
 
3. Conclusions 
 
The convective heat transfer coefficient between the tank shell and the water 

film formed by the spray distribution rings has been estimated. The study shows that 
the water film thickness is proportionate to 60.I , the falling rate is 40.I , the 
convective heat transfer coefficient is 250.I , where I  is the sprinkling intensity. The 
obtained results can be used while generating the tank cooling model in case of fire.  
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