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Abstract

The methods of similarity theory were used to idgrthe convective heat
transfer coefficient for tank shell covered witte tlalling water film generated
by spray distribution rings. Dependencies of ttha 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 lieshe tank heating due to thermal
influence that fire makes. Certain elements oftémk structure can be heated to the
autoignition temperature of the vapors exhaledheydontained oil products, and that
can cause inflammation of vapors at the vent vabfethe tank or explosion in the
vapor space of the tank. The work [1] contains dnisal survey of fire and
explosions in the hydrocarbon industry. Tank caplsthe key issue to be solved for
tank or dike fires. One of the options for tank Islteoling is using fixed spray
distribution rings.

The study [2] is based on analysis of the modéiezt influence that fire in
the tank makes on the adjacent oil-product tanke fodel anticipates thermal
radiation and convective heat transfer. Besides,stindy is purposed at defining
optimal dislocation of the fire-fighting hoses fawoling the nearby tanks. Herewith,
it is assumed that the water flow rate of the fighting hoses ensures sufficient
level of cooling; though selection of the propemwl rate is made based on the
regulatory documents only. The study [3] descriihestrial of the scaled-down tank
shell model (cooling area: 0.26%) and the fire-fighting hose (nozzle diameter:
13 mnr, water consumption: 4/s) and provides estimation of the convective heat
transfer coefficient between the tank shell andfaiieng water film. However, water
spay cooling is peculiar for splashing of suffidigrart of water from the tank shell
(up to 80% [4]) and uniformity of the water filmibg formed. That makes accepting

the results of study [3] directly to the case oplgmg the spray distribution rings
iImpossible.

2. Results and Discussion

The Reynolds number for the water film falling dotre vertical shell due to



gravitational pull is defined using the followingrinula:

Re=-> |
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where G is the mass flow rate per the film width uniig{m(s) and x is the fluid

dynamic viscosity Pals). Considering relation between the mass flow Gtand
the flow delivery ratd ,

G=1p,,

where p, is the water density, the following equation isgeted:

Re:lﬁ :I_ , (1)
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where v, is the fluid kinematic viscosityr(lz/s). Considering that water kinematic
viscosity is v, =(0.3+1.0)10°m?/s within the temperature range
T. =(20+100) °C, with the flow rate ofl 21.2[10°° m?/s the Reynolds number
will be

Re=120C.

The recommended critical value of the Reynolds rermtor the severe
turbulent conditions of the film falling i&®ke, =1200 [6]. Thus, while cooling the

tank shell with the fixed spray distribution ringee severe turbulent conditions of
the water film falling are created.
Water film thickness is defined using the formula
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where 5=5[%J is the dimensionless film thicknesg is the gravitational
%

C
acceleration;c; is the rate of the film friction against the taskell;, p" is the

ambient air density. Considering that the watersdgns 3 times higher than the air
density, the formula (2) can be made simpler:



The friction ratec; is taken up as the ratio for the turbulent flowtlod fluid
across the plain surface [7]:

c; =0.0582Re %2,

In this case the formula for the water film thickeecalculation is to look as
follows:
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Plugging (1) into (3) results in the following fouta.:
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0=0.308"%5 55 =0308° 1%,
97 Ve g
5 10.144097 98 (4)

The study [7] describes the ratio between the wdtesmatic viscosity and its
temperature as a table. This ratio can be apprd&ores an exponential function:

T -5.3489
V. =3.16[107% —& , (5)
100

where T, is the water film temperature. The error of suppraximation is to be no

more than 7.5% within the temperature rang@&.of (10+100) °C (Fig. 1).

Plugging approximation (5) into (4) makes the folanfor the water film
thickness calculation look as follows:

0 10.437T, 0358 06 (6)

where all values are to be provided in Sl unitssadering the dimension factors in
(5), (6). Fig. 2 shows dependency of the water timckness from its temperature
and the water flow delivery rate set for cooling.

Analysis of the characteristic curve in Fig. 2 m@ewhat when changing the



water flow delivery rate within the range of 1.nls to 4 I/mls the water film
thickness increases from 1A to 2.1 mr. At the same time water temperature

rising from 10C to 100°C results in reduction of the water film thicknessjbst
10%.
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Fig. 1. Dependency of the water kinematic viscositgf the temperature: 1 — tabular
data [7]; 2 — approximation for the formula (5); 3— relative error (right axis)
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Fig. 2. Dependency of the water film thickness fronits temperature and the water flow
delivery rate



That means the formula (6) can be made simplerugiroplugging
T. =55°C =328K in:

0 [J0.0551 %6, 7)

Herewith, the error of such plugging in is to stayhin 5%. The water film
falling rate w, is defined by the following dependency:

W, =l—5 01821 %4, (8)

The dependency analysis (8) proves that in ordekeaep the sprinkling
intensity within the range of 12mls to 4 I/mls the water film rate is to be

defined by the formulay, =(1.2+2.0)nys.

The convective heat transfer coefficient betweenttink shell and the water
film a,. can be defined using the following formula [5] :

a,(v2 )
“clZc | =0.023Re*®Pros, (9)
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where A, is the thermal conductivity rate of watdpy is the Prandtl number of
water. Plugging (1) into (9) makes the last formuolzk as follows:
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a, =0.023),

Considering that such water properties as kinemascosity v, thermal
conductivity rateA, and the Prandtl numbd?r depend on the temperature [7], the
formula:

g3
ch 3-025

f,(T.)=00231, pPro? (11)

can be replaced with the linear function:

~

f,(T.)=23853T, - 45098 (12)



Approximation error (12) is to be no more than 4%him the temperature
range ofT, = (10+100) °C (Fig. 3).
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Fig. 3. Dependency of the water film temperature: - f,(T.); 2 — approximation
E(TC); 3 — relative approximation error

Plugging the linear function (12) into (10) insteafd(11) allows calculating
the convection heat transfer coefficient as follows

a, =(23853T, - 450991 %%, (13)

Fig. 4 shows dependency of the convective heasfearcoefficient with the
water film a, from its temperaturd, and the water flow delivery ratie during the

cooling process.
Analysis of the comparison of (13) and Fig. 4 psotleat within the water film

temperature rang&_ = (10+100) °C and the range of the water flow delivery rates
| =(1.2+4.0)I/mls the heat transfer coefficient belongs to the eang

(4.2+11.0)kW/m?K . Herewith, dependenay, (T.,1) is of almost linear character.
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Fig. 4. Dependency of the convective heat transfepefficient with the water film from
its temperature and the water flow delivery rate

3. Conclusions

The convective heat transfer coefficient betweentmk shell and the water
film formed by the spray distribution rings has estimated. The study shows that

the water film thickness is proportionate 18'°, the falling rate isl%*, the

convective heat transfer coefficientli§?>, wherel is the sprinkling intensity. The
obtained results can be used while generatingatiitedooling model in case of fire.
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