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ABSTRACT. Oil refining and petrochemical manufacture involves extensive heating of
hydrocarbon and other fluids. Depending on the temperature required, this heating is achieved
either by steam or direct heating. In the latter case, the fluid under pressure is contained in tubes
which are heated from the outside by direct exposure to flames. These heaters commonly take two
forms, cylindrical heaters with one central burner, or a ring of burners in the base and the long
rectangular type with many burners in a row along the floor, the latter are generally known as cabin
heaters. This paper shows the design of one such furnace.
1. INTRODUCTION
Petrochemical heaters are significantly different from boilers, with fewer larger tubes. With
petrochemical heaters, it is very important that the heat transfer to the tubes is carefully controlled.
If the heat transfer is too low, output is lost but if too high, local ‘hot spots’ are created. This is
especially dangerous with hydrocarbon fluids because hot spots lead to carbon formation on the
inside of the tube reducing the heat transfer to the fluid. However, the heat is still being transferred
to the outer surface of the tube which overheats and will eventually fail, leaking hydrocarbon into
the firebox. This is highly dangerous and will, at best, lead to destruction of the heater but at worst
explosion and fire that may cause multiple casualties and destroy the entire plant.
In the past petrochemical heaters have been notoriously inefficient, using natural draft burners with
high excess air, high flue gas temperatures and no heat recovery. The significance of these issues is
considered later in the book. Such heaters rarely transferred more than 50% of the energy in the fuel
to the fluid. Modern heaters utilize convective preheating of the liquid and heat recovery from the
flue gas to preheat the combustion air, together with forced draft burners operating at controlled
excess air and achieve much higher efficiencies.
One of the most common causes of poor oil burner performance is too high an oil viscosity at the
burner caused by inadequate heating of the oil. Owing to the tendency of heavy fuel oil to solidify
when cold, great care has to be taken with the design of oil fuel handling systems to minimize ‘dead
legs’. Since the lighter ‘white’ oil products have a higher value than black fuel oils, refineries
increasingly manufacture more light products, leading to heavier and heavier black fuels containing
increasing quantities of asphaltenes. These augmented refining processes involve ‘cracking’ the oil
and produces black oils which have different characteristics from the former residual oils. These
cracked fuels vary in character, depending on the source of crude and the refining process and are
not necessarily compatible with each other. Under some circumstances, fuel oils from different
sources can form ‘gels’ in tanks and fuel handling systems with disastrous results.
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Figure 1: Two types of refinery heater showing a cylindrical heater (left) and a cabin heater (photos
provided courtesy of Born Heaters, Canada, an Onquest Company)
Proposed fuels should therefore always be tested for compatibility with the existing fuel
before purchase. Used lubricating oil is also occasionally available for use as a furnace fuel.
Providing excess water is removed and the oil is filtered to minimize the presence of particulates, it
burns satisfactorily. Similarly to heavy fuel oil it may need heating, typically to approximately 70 °
C to ensure that the viscosity is suitable for atomization (15–25 cSt).
Owing to the variability of this fuel, tests may be required to determine the correct
temperature for each batch. Waste oils typically contain wear products from bearings such as lead
and other heavy metals, so care needs to be exercised to ensure that these do not contaminate the
product or cause excessive emissions of these pollutants. This normally means that these fuels may
only be used in furnaces where suitable flue gas cleaning equipment is installed.
Comparison of the calculated data indicates that a cylindrical furnace is more thermally
efficient than a rectangular design. However, the firing density is a factor of 2–3 times higher in a
cylindrical furnace, with the same implications for the burner design as discussed in the previous
section on the slab heating furnace. The results indicate that the height: length or height: diameter
aspect ratios studied (8:1 to 2:1) are not very significant with respect to thermal performance.
The critical factor in the design of this type of furnace is to avoid locally high heat fluxes. This
implies that the burner(s) need to be disposed inside the furnace to give a controlled combustion
pattern.
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Figure 2: Heat transfer coils for refinery heaters showing a coil for cabin heater (foreground) and
cylindrical heater in the background (photos provided courtesy of Born Heaters, Canada, an
Onquest Company)
Table 1: Well-stirred furnace analysis of rectangular oil heating furnace designs
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Table 2: Well-stirred furnace analysis of cylindrical oil heating furnace designs

2. METHOD
For the design the following values were given:
Mass flow rate of Naphtha (m) = 16695 kg/ hr (3500 BPD)
Specific gravity = 0.69
Specific heat = 0.56 kJ / kg K
Let inlet temperature to heater = 211 OC
Outlet temperature from heater = 350 OC
Using energy balance and material balance principles the following were calculated or estimated:
1.
Heat required to raise the temperature of feed from 211 OC to 252 OC
2.
Design of radiation section
3.
Actual volume of radiation section
4.
Arrangement of tubes
5.
Design of convective section
6.
Determination of flue gas velocity
7.
Determination of convection coefficient
8.
Calculation of area of convective heat transfer
9.
Determination of number of tubes
Suitable assumptions were made wherever necessary.

International Letters of Chemistry, Physics and Astronomy Vol. 51

91

Figure 3: Effect of furnace height on principal parameters in the design of a rectangular oil heating
furnace

Figure 4: Effect of furnace height on principal parameters in the design of a cylindrical oil heating
furnace
3. RESULT
The following results were obtained based on the calculations.
For the Radiation section:
PARAMETERS
Total Heat Produced
Total Heat by Fuel
Amount of Fuel Required
Approximate volume of the radiation section
Number of tubes required in the radiation
section of the Furnace
Number of Tubes on side wall of Furnace
Number of Tubes on the top wall of Furnace
Total width of the Furnace
Length of Tube
Volume of the Furnace

VALUES
414.52 × 105 KJ (Kilo Joules)
48913360 kJ (Kilo Joules)
759 Kg (Kilo Grams)
345 m3 (cubic meters)
59
16
27
6.1 meters
10 meters
157.5 m3 (cubic meters)
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For the Convective Section:
PARAMETERS
Amount of fuel burnt
Amount of air burnt
Total amount of flue gas
Flue gas velocity
Convection heat
Logarithmic Mean Temperature Difference
(LMTD)
Area of convective heat transfer = 645.051 m2
Number of tubes = 296.46 270

VALUES
760 Kg (Kilo Grams)
18975 Kg/hour
19734 kg/hour
0.274 kg/m2 sec
1243500 KJ (Kilo Joules)
337.5 OC

Figure 5: Outlines of the Burner
4. DISCUSSIONS
Furnaces have been used by humans for thousands of years and yet, beyond the basic
chemical reactions and heat release calculations, engineers rarely have any formal training in
relation to furnace design, combustion and their integration into industrial processes. It is therefore
not surprising that the solution to issues of emissions, throughput and performance related problems
have relied heavily on trial and error and experience. Within industry in general equipment would
be more successful designed using the principals outlined in this paper rather than relying on
correlations and scale up factors that have little, or no scientific basis to support them.
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