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There is a problem of heating fuel oil and high viscosity oil in tanks. Dark oil products (fuel 

oil, VGO) entering the tanks at a temperature of 60-70°C, which must be maintained constant for 

shipment of petroleum products. This high temperature due to the high pour point, which can reach 

40°C. In order to prevent freezing of petroleum products at its pumping, it should be heated 

Today, most of oil terminals in Ukraine are used to heat the oil in tank by steam. The main 

problem for these companies is outdated transportation systems of steam, which is not using high 

temperature condensate formed after condensation of steam in the heat exchanger. To collect and 

transport the condensate it is necessary to design system of returning and using of condensate, 

which is quite expensive at the present time. 
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Use of another type of coolant - overheated hot water is offered. In some cases it is possible to 

transfer boilers to hot water mode, i.e. at existing facilities instead of steam, boiler can produce 

overheated hot water. In our view, the use of hot water in the case of heating fuel oil in the tanks is 

competitive in the economic and technical point of view. 

To do this calculation was adopted vertical steel tank TVS-10000m3, which stores fuel oil 

brand M-100. Was calculated required amount of thermal energy for its heating, considering the 

heat loss from the body of the tank [1]. For the average daily temperature in November this value is 

3,5 GJ/h. 

Consider the heat exchange between oil fuel oil and heat exchanger in the tank in two cases: 1) 

for heat transfer agent - overheated water at a temperature 120°C, 2) for heat transfer agent - 

saturated steam with a temperature 150 ° C. 

The equation for heat exchanger is as follows: 

tK

Q
F


  

where, KПомилка! Джерело посилання не знайдено. – heat transfer coefficient, W/m2·K; F – 

heat exchanger area, m2; t  – log mean temperature difference, °С; Q – capacity of heat 

exchanger, W. 

Determine how differs heat transfer area for heating oil products by steam and by hot water in 

heat exchanger for the same capacity. For this, we consider each part of the equation (2). 

1. Heat transfer coefficient Помилка! Джерело посилання не знайдено. 
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where, FO Помилка! Джерело посилання не знайдено. – heat transfer coefficient from fuel 

oil to the wall of the heat exchanger, W/m2·K; HTA Помилка! Джерело посилання не 

знайдено. – heat transfer coefficient from heat transfer agent (steam or hot water) to the wall of 

heat exchanger, W/m2·K; st Помилка! Джерело посилання не знайдено. – thickness of wall 

of exchanger, m; st – thermal conductivity of steel, W/m·K. 

In the case of heating fuel oil when storage it in tanks, from the side of fuel oil observed 

viscous gravity mode in which the calculated heat transfer coefficient is in the range of 30-60 

W/m2·K. The heat transfer coefficient for water and steam in the turbulent flow is much greater 

than in viscous gravity mode for fuel oil. So determining factor in the formula (2) is the FO . Thus, 

the heat transfer coefficient of steam and water in this case is almost the same: 

watersteam KK   

2. Log mean temperature difference Помилка! Джерело посилання не знайдено. 

Define log mean temperature difference by formula (3) for two heat transfer agents with 

temperature parameters shown in Fig. 1. It should be noted that the calculation of the temperature 

difference for steam divided into two stages: stage 1 - condensation of steam; Stage 2 – cooling of 

condensate [2]. 
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Fig. 1 – Temperature flows for “fuel oil – overheated water” and “fuel oil – steam”  





















l

b

lb

t

t

tt
t

ln

 

The calculations showed that log mean temperature difference for steam in this case is 25% 

higher than for water. 

Basing on the above calculations, we can write: 

25,1/ steam
exchanger

water
exchanger FF  

For the accepted parameters of heat transfer agent to transfer heat in an amount of 3.5 GJ/h: 

Overheated water (Помилка! Джерело посилання не знайдено.=40°C) – 20,8 m3/h. 

Saturated steam (h=2734 кДж/кг) – 1,5 tons/h. 

However, the increase in the surface area of heat in existing reservoirs is not always possible 

and appropriate. Consider how much will be different levels of heating fuel oil when replacing the 

coolant from steam to hot water at the existing heat exchanger. 

The heat exchanger of tank consists of ten sections of steel pipe nominal diameter DN100. The 

total area of the heat exchanger - 328m2. Calculate the daily rate of heating fuel oil in the tank, as 

this is an important parameter for the storage of petroleum products in tanks. 

Calculations showed that the full tank TVS-10000m3 with thermal insulation, which stores fuel 

oil brand M-100 daily level of heating in case of using steam is 1-1,2°C/day (during the winter). 

When replacing steam to overheated water with temperature 120°C daily rate of heating will be 

0,7-0,9°C/day. 

Thus, the transition from steam to water at the existing equipment will reduce the daily rate of 

heating of 1-1,2°C/day up to 0,7-0,9°C/day. 

Using of saturated steam for heating oil, as compared to hot water, is characterized by a high 

heat removal and less heat exchange surface. 

Using of saturated steam in a heat exchanger to heat the high viscosity oil products 

economically feasible if the condensate that forms after heat exchangers would not be used. 

It is possible to transfer existing heat exchangers in tanks from steam to hot water. 

Comparative reduce of heat removal and temperature of oil products practically does not affect its 

rheological properties. 

Recommended to equip oil terminals boilers, which can run in the steam and water production 

mode. 
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