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Investigation of the thermal effect of the jet washing up liquid to oil
sediments tank

Abstract

The process of heat exchange between the cleaning solution and petroleum residue
during the jet cleaning of tanks from petroleum deposits has been considered. The
cleaning is carried out with a heated solution of technical cleaning agents. This will allow
to identify the influence of factors on the technogenic risks of environmental pollution
by harmful substances that are formed as a result of operation and repair of tanks with
petroleum products, as well as to determine the parameters of the explosion and fire
hazard of the process.

Keywords: heat exchange process, petroleum residue, tank with petroleum products,
explosion and fire hazard, environmental hazard, technogenic risks.

Introduction

As is known, emergency emissions and leaks of harmful substances resulting from
routine and repair work on the cleaning of internal technological surfaces of tanks with
petroleum products can lead to local to catastrophic levels of environmental and human
harm. During the unloading of tanks, a portion of the petroleum products adheres to
the internal surfaces and structures in the form of a continuous (adhesive) layer. In
addition, a certain portion remains in the pipes, fittings, and pumps of the cargo and
suction systems. As a result, an unremovable residue is formed, the quantity of which
varies widely and depends on a number of factors, such as the physicochemical
properties of the petroleum products, the temperature regime of transportation, the
technical condition of the cargo system, and so on.

The solution to the urgent scientific and technical problem of identifying the influence
of factors on the technogenic risks of environmental pollution with harmful substances
that are formed as a result of the operation and repair of tanks with petroleum products
is the scientific basis for improving the system of ensuring environmental safety and
conditions of reliable safety of human life around such facilities [1].

Objective

According to [2], a layer of deposits forms on the bottoms of tanks throughout the year:
e in light petroleum products - 5-10 mm; in oils - 20 - 50 mm);
e in heavy fuel oil and motor fuels - 25 - 100 mm;
During the cleaning process, there is an increase in the temperature of the petroleum
sludge due to the heat transfer from the cleaning fluid. This leads to intensification of
evaporation from the surface of the deposits and increases the concentration of
flammable vapors in the tank and adjacent areas (Figure 1).
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Figure 1 - The amount of residual contamination is given per 100 m? of tank
capacity.

The aim of this work is to investigate the heat transfer between a jet of washing liquid
and petroleum residues when cleaning deposits on the inner surfaces of reservoirs
containing petroleum products. It is important to determine how the temperature of the
sediment layer will change upon contact with the washing solution, given that the
temperature of the liquid may differ from that of the petroleum residue.

Method

To analyze this heat transfer process, certain assumptions are made. Firstly, the process
is considered as stationary, in which the temperature of the bodies remains constant
over time. Secondly, we neglect the heat loss during the heat transfer from water to
the gaseous environment inside the reservoir. This assumption is completely justified,
as practice shows that the temperature difference between water t. and the atmosphere
of the reservoir t: is 10-12 °C, which is significantly lower than the difference between
tw and the temperature of the environment ta (air) that comes into contact with the
external surface of the reservoir, that is (¢, — t;) < (t,, — t4), therefore, heat will mainly
be transferred from the liquid in the direction of the highest temperature gradient. The
heat transfer process is analyzed using a graphical method to determine the
temperatures on the surface of the layers of a non-uniform wall, based on the property
of a linear dependence of the temperature gradient q in the wall on its thermal
resistance 1/k:

ty—thi=q % or for any layer t,; — —t_1) = q%, where k is the coefficient of heat transfer
and 8. and Aq are the thickness and coefficient of thermal conductivity of the i-th layer.
This makes it possible to construct a fictitious wall, in which the thicknesses of the layers
will be proportional to the corresponding thermal resistances, and the external thermal
resistances of heat transfer will be equal to 1/a; i 1/a,, where a; is the coefficient of
heat transfer from the liquid to the layer of oil residues, and a: is the coefficient of heat
transfer from the external surface of the reservoir wall to the contacting medium (air).
The overall thermal resistance of heat transfer through such a wall is:

R=t=ljlud dw 1 1

ka1 Aaa  Aw @ a’

==




image5.png
where dw, Aad and Ay are the thickness of the tank wall and the thermal conductivities
of the petroleum residue and wall material, respectively (reference data).

The thickness of the layer of petroleum products adhering to the tank wall is determined
by the relationship 8,4 = K/p (m), where p (kg-m?) is the density of petroleum products,
and K (kg/m?) is the adhesion coefficient. The unknown quantities in formula (1) are
the heat transfer coefficients a; and a..

Findings/results

When water flows in a film, a; can be determined from the Nusselt criterion for film
flow:

Nu = 4a,6,,/A,,, where 3., and A are, respectively, the thickness of the liquid film and
the thermal conductivity of the liquid.

To determine ay, it is necessary to know the values of Nu and 3.. To estimate them,
the results of a theoretical study of the interaction of a water jet with the wall of a tank
during its cooling in a fire, carried out by A.E. Basmannov and A.A. Mykhailiuk [8], were
used. The purpose of the study was to assess the speed of water film flow along the
tank wall after the jet impact, the thickness of the water film, and the boundaries of the
cooling area (the width of the water film that flows). At the same time, since the
diameter of the tank is much larger than the width of the water film, the authors of the
study neglected the curvature of the tank surface and studied the process of water film
flow along a flat vertical wall.

The work provides data on the thickness 8. and width by of the water film at a water
flow rate through a fire hose of V = 0.0045 m?3/s. This value coincides with the average
flow rate of washing water through one nozzle of a washing machine. Therefore, it is
justified to use the values of the water film flow parameters given in for further
calculations: 6, =0.001 m, by, =1.6 m.

The value of the criterion can be determined using the nomogram presented in, knowing
the values of the Reynolds Re and Prandtl Pr criteria for film flow:

Re = 4V /b,,9,,, Where uy is the kinematic viscosity of water;

P =9, Cypi/A, where C;, pi, and A are the specific isobaric heat capacity, density, and
thermal conductivity of the liquid, respectively.

At the adopted temperature of the wash water t,=50°C (minimum recommended by
the water temperature), the Reynolds number is Re=17629.0, Prandtl number is
Pr=4.25, and the Nusselt criterion is determined as Nu=86.0 by the nomogram,
A1=13975.0 W/m2-K.

There is no information in the special literature about the value of the heat transfer
coefficient from a flat wall to air. However, normative regulated data on heat transfer
coefficients from petroleum cargoes through the steel wall of a tank to air at a
temperature of tn=-25°C (ki) and onboard water at a temperature of tn=0°C (k) have
been identified. Taking this into account, formula (1) takes the form:

L a1 2

R= —
a Aag ki

1
k

According to the graphical dependencies presented in, the values of ki=4.28 W/m2-K
and k»=18.75 W/m2:K have been determined. The results of the analysis of the heat
transfer process from the flowing film of washing water through a multilayer flat wall in
graphical interpretation are presented in Fig. 2, where the values of thermal resistances,
1/ai, 8ad/0ad, and 1/ky,2, are plotted on the abscissa axis in the accepted scale, and on
the ordinate axis, the washing water temperature t,=50°C and the corresponding
temperatures of the environment: air - ta=-25°C.

(a4 ]
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The thickness of the layer of petroleum products adhered to the vertical walls of the
tank is determined from tabular data, 8.4 = (0.007...0.066)-10-> m, for the tank bottom
surface 8.¢= (0.040...0.450):10°2 m. To increase the clarity of the graphical
representation of the heat transfer process, we assume a thickness of petroleum
residues layer 8.4 = 0.001 m, which is two to three orders of magnitude higher than the
mentioned values of Jaq.
The thermal resistances that are included in the expression (2) have the following
values:
1/a1=0.072-103 m2-K/W; 8ad/Aad=1,54-10" m2-K/W
(Aad=65,0-102 W/m-K);1/k:=230,0-10"> m2-K/W; 1/k,=53,0-103 m2-K/W
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Figure 2 - Graphic representation of the heat exchange process between the cleaning
fluid and the layer of petroleum residues on the surface of the reservoir.

The values of thermal resistances on Fig. 2 are represented by line segments AB, BC,
CE, and CD. The temperature change in the multilayer wall during heat transfer to the
air of the surrounding environment is shown by straight lines MD (solid line) and MF
(dashed line). As can be seen from Fig. 2, the temperature difference between the layer
of petroleum residues and the cleaning fluid does not exceed 1.5 °C, even with a
significantly increased thickness of the layer. For the layer thickness values mentioned
above, determined from experimental data, the temperature difference will be even
smaller.

Conclusion/suggestions

The obtained parameters that affect the explosion and fire hazard of the process of
cleaning tanks from petroleum product residues (temperature regime, duration of
hazardous concentrations of petroleum vapors, concentrations of petroleum vapors
inside the tank during cleaning) allow predicting the degree of danger of the work and
developing effective measures to prevent emergencies and reduce technological risks.

As the temperature of the liquid used for hydraulic cleaning of internal surfaces of
tanks from petroleum products increases, the temperature of deposits also increases,
but not significantly. For example, at a solution temperature of 50°C and an external
tank temperature of -25°C, the temperature of the surface of the petroleum residue will
increase by 1.5°C
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