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IDENTIFYING THE CONVECTIVE HEAT TRANSFER
COEFFICIENT OF THE TANK WALL IN THE CASE OF DIKE FIRE

The convective heat transfer coefficient of the tank wall in the case of forced
convection caused by wind and turbulent plume above a spill fire in the tank
dike was found with using the similarity theory.
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Problem formulation. Fire in the oil tank storage is one of the most dif-
ficult emergencies due to threat of spreading the fire to the next tanks. In par-
ticular it takes place in the case of spill fire in the tank dike. Building the ef-
fective plan of fire-fighting in tank storage is impossible without evaluating
the influence of a spill fire to the tank. It includes the convective heat transfer
from ambient air and plume above spill fire to the tank wall.

Analysis of recent researches and publications. The model of thermal
influence of a fire in an oil tank to the next tank has been built in the [1]. It in-
cludes thermal radiation and convection. The model of spill fire in the tank
dike has been built in the [2]. It assumes that tank wall is in contact with gas
which temperature is equal to the fire temperature or the ambient temperature.
The case of hot turbulent plume above a spill fire hasn’t been considered. The
model of velocity and temperature distribution in the plume above a spill fire
has been built in the [3].

Statement of the problem and its solution. The main goal of the work is
obtaining the convective heat transfer coefficient of oil tank wall in the case of
forced convection caused by wind and plume above spill fire in the tank dike.

In general, there are three possibilities of forced convective heat transfer
from environment to the tank wall:

eforced convection due to plume above a spill fire when there is no wind,

eforced convection due to wind when vertical component of the air flow
Is insignificant;

eforced convection due to superposition of wind and plume above a
spill fire.

In the case of forced convection caused only by plume above a spill fire
the Nusselt number can be obtained from the expression for convective heat
transfer from gas to vertical plate [4]

Nu = 0,032Re’%,

where thermal conductivity coefficient of air A; and its dynamic viscosity v
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w; L
contained in the Nusselt Nu :Z—L and Reynolds Re =—"— numbers are taken
f |4

at airflow temperature; characteristic length L=z is the distance from point
on the wall surface to the ground.

Thus the estimation of the heat transfer coefficient with fire plume takes
the form

a,; =0,0321, v %wiz 702,
To simplify the expression let’s replace the function

fl(Tf ):if (Tf )V_O'S(Tf) (1)

by approximated value
f,(T, )=4581,5T;056% 2)

based on the table data [5] of air thermal conductivity and viscosity depen-
dences on temperature.

The analysis of (1), (2) indicates that approximation error doesn’t ex-
ceed 3% for the airflow temperature ranging in T, =(273+1273)K. After

substituting the approximation the convective heat transfer coefficient can be
estimated as follows

0ty =146,6T  *°0WP87702, (3)

where all values have to be presented in the SI system due to dimensional
coefficients in the (2), (3).
For typical vertical steel tanks (D =(10+60)m — RVS-700 and more)

used for storage of oil and oil products wind velocity w; =(1+10)m/s the

Nusselt number belongs to the range Re :(6-105 +4-1O7). It means the tur-
bulent nature of the airflow past the tank.

For the specified range of Reynolds number values, the value of the
Nusselt number averaged along the tank circumference is described by expres-
sion [6]

— 0,62Re%° pr¥/3 { ( Re 5/8]4/5
’ + .

Nu=0,3 _
u + 04 23114 2,82-105
1+ =
()

Therefore the convective heat transfer coefficient averaged along cir-
cumference takes the form
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M| oo, 062Re%SPrS {1 ( Re ]

a,,=—10,3 +| —— .
22 D { 0.4 2/3:|1/4 2,82 . 105
1+( ’ j
Pr |

To simplify the expression (4) let’s use the approximated representation

of the
5/8 4/5
Re
f.(Re)=Re®®| 14| ——
-(Re) [ (2,82-1O5j }

f,(Re)=7,3-10"° Re®9??", (5)

(4)

as power function

The error of the approximation doesn’t exceed 6% for the Reynolds
number ranging in Re :(6 .10° +4-1O7) —fig. 1.
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Fig. 1. Dependence on Reynolds number values: 1 - f,(Re); 2 — approximation
Fz (Re); 3 - relative error of approximation (the right axis)

Substituting the (5) into the (4) gives

-1/4

A 2/3
Gy =] 03+0,62P3) 14 22 7,3-10°Re%%%?7 | =
27D Pr
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P 3 w. D092
_ o3y 002PT 7,3-10—3( f ] .
|4

The value of the second term in square brackets of the last expression is
ranging in (83+4-1O4) for the airflow temperature T, =(273+1273)K, ve-
locity w; =(1+10)m/s and tank diameter D =(10+60)m. Therefore the first

term is insignificant and can be removed. Then the estimation of convective
heat transfer coefficient takes the form

P 3 w. D927
&,, = 0.62Pr 7,3-10—3( f ] .

Taking into account the dependences of thermal conductivity and
Prandtl number on air temperature allows to approximate the expression

0,62Prt/3
2/3 1/4
l:1+ (0’4j :l
Pr

~

f,(T, )=198T 0765, 7)

(T, )=1, 7,3:107%) 70927 (6)

by power function

The analysis of the (6), (7) indicates that error of approximation (7)
does not exceed 2% for temperature values ranging in T, =(273+1273)K.

Thus the estimation of convective heat transfer coefficient averaged along
tank circumference takes the form

6722 :198Tf—0,7655vv(2,9227D—0,0773’ (8)

where all values have to be presented in the Sl system due dimensional coeffi-
cients. The function (8) is shown in the fig. 2 for the tank RVS-1000
(D=285m).

The analysis of the expression (8) indicates that convective heat transfer
coefficient rises almost linearly with increasing the wind velocity (fig. 2), de-
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creases with increasing the airflow temperature and insignificant depends on
tank diameter: increasing the tank diameter from 10 m to 60 m leads to 15%

reduction in the coefficient or,,.

Fig. 2. Convective heat transfer coefficient averaged along the circumference of
the tank RVS-10000 depending on airflow temperature and velocity

Local coefficient of the convective heat transfer «,, (value in the specified
point along the circumference of the tank) can be obtained from expression

Oy =U(Q)y5, (9)

where ¢ is the angle measured from the front stagnation point. Function u(e)
Is evaluated empirically [4, 5].

If the vertical component w,, of the airflow, caused by plume above a
spill fire, is not insignificant compared to horizontal component w,, and vise

versa then local coefficient of convective heat transfer will be evaluated by
combining the expressions (3), (8), (9). Dependence of the convective heat
transfer coefficient on the airflow velocity in (3), (8) is close to linear, total
airflow velocity is a vector sum of the vertical and horizontal components

W, =, /W2, + W2, . (10)

Therefore the local coefficient of convective heat transfer will be as-

35



COopHUK Hay4HBIX TPYIOB. Beimyck 41, 2017

sumed in the form similar to (10)

ot =0y + 0, =
= [L46,6T; 055228702 f 4 (198u()T; O 7*5 022D 0073 -
— (214917 47587704 1392047 ()T, 533D 038 (11)

where all values have to be presented in the SI system.

Fig. 3 illustrates the dependence of the convective heat transfer coeffi-
cient on the horizontal w;, and vertical component w;, of the airflow veloci-
ty at the front stagnation point of the tank RVS-10000 (D=285m). The
height of the pointis z=3m, the temperature of the airflow is T, =300K.

Fig. 3. The dependence of the convective heat transfer coefficient on the hori-
zontal and vertical component of the airflow velocity

Conclusions. Coefficient of convective heat transfer from environment
to the tank wall is evaluated for the case of forced convection caused by wind
and plume above a spill fire in the tank dike. It is shown that convective heat
transfer coefficient caused either by wind or fire plume can be approximated by
power function (3) or (9) respectively. The estimation of convective heat trans-
fer coefficient for the case of superposition of wind and fire plume is proposed.
The results can be used to simulate the thermal effects of fire to the tank.

36



[Ipo6neMbl MokapHO# 6E30MACHOCTH ISSN 2304-6112

REFERENCES

1. A6pamoB 1O.A., bacmanoB A.E. IlpenympexaeHue W JUKBUAAIUS
Ype3BbIYAMHBIX CUTyallull B pEe3epBYyapHbIX Mapkax ¢ HeDTENpoayKTaMH. —
XapbpkoB: AI'3Y, 2006. — 256 c.

2. AbpamoB I0.A. MonennpoBanue moxapoB, Ux 0OHApPYKEHHSI, JTIOKa-
mm3anuu u tymenus / FO.A. AGpamos, A.E. bacmanoB, A.A. TapaceHko. —
Xapbpko: HYI'3Y, 2011. — 927 c.

3. bacmano O.€. Po3nonin mapaMeTpiB BHUCXIIHOTO KOHBEKIIIIHOTO
NOTOKY HaJ nanarodum po3iauBoM Hadrompoaykry / O.€. bacmanos, 1.C Ky-
muk // [Ipobrembl noxkapHoit 6e3onacHocT. — X.: HYI'3VY. 2016. — Ne39. —
C. 33-38.

4. Muxees M.A. OcHoBbsl Temnonepenaun / M.A. Muxees,
N.M. MuxeeBa. — M.: Dueprus, 1997. — 344 c.

5. Termmotexnuka / [Jlykanun B.H., Illatpos M.I'., Kamdep I'.M. u np.];
nox pen. B.H. Jlykanuna. — M.: Beicm. mik., — 2002. — 671 c.

6. Churchill V.T. Correlating equation for forced convection from gases
and liquids to a circular cylinder in crossflow / V.T. Churchill,
M.A. Bernstein // J. Heat Transfer, 1977. — V. 99. — P. 300-306.

Received by editorial Board 15.03.2017

A.E. bacmanos, f.C. Kynuk

Nnentudukanusa kodgpduuueHTa KOHBEKTHBHOIO TEIJIOOOMEHA CTEHKH pe-
3epByapa IpH Noxape B 00BaJJOBaHUH

Metonamu Teopuu mojno0us nposefeHa uaeHTH(UKanus Kod3hduimenTa KOHBEK-
TUBHOTI'O TEIJI0OOOMEHa CTEHKU pe3epByapa Ul Ciydas BBIHYXKJIEHHONH KOHBEKIUH, 00Y-
CJIOBJIEHHON BETPOM M BOCXOJSLIMMH IIOTOKAMH HAJl OYaroM ropeHus roproueil KUAKOCTH
B 00BaJIOBaHUM pe3epByapa.

KuroueBble ciioBa: pesepByap, noxap B 0OBaJOBaHMM, KOHBEKTHUBHBIN TEIJI000-
MEH, BBIHY)KJI€HHAs! KOHBEKIIHSI.

O.€. bacmanos, A.C. Kynuk

InenTndikanis koedinieHTa KOHBEKUIITHOr0 TenJ000MiHY CTIHKH pe3epByapa
NPH MOKe:Ki B 00BaTyBaHHI

Mertogamu Teopii moaiOHOCTI MpoBeeHO 1MeHTH(DIKaIlI0 KoediieHTa KOHBEKIIi-
HOTO TEIUIOOOMIHY CTIHKHM pe3epByapa JJIsi BUNAJAKY BUMYIIEHOT KOHBEKIIil, 00yMOBJIEHOT
BITPOM 1 BUCXIJHMMHU MOTOKAMH HaJ OCEPEIKOM TOpIHHS TOprovoi piiMHU B OOBaIyBaHHI
pesepByapa.

KurouoBi ciioBa: pesepByap, mokexxka B 00BayBaHHI, KOHBEKIIMHHUIA TETJIOOOMIH,
BUMYIIIEHA KOHBEKITIS.
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