Heat Tracing Calculations (Steam and Electrical
Tracing)
Introduction:

Heat tracing is used to prevent heat loss from process fluids being transported in
process fluid pipes, when there is risk of damage to piping, or interference with
operation such

as fouling or blockage, caused by the congealing, increase

in viscosity, or separation of components, in the fluid below

certain temperatures, or when there is risk of formation of

corrosive substances or water due to condensation in

corrosive services. This prevention of heat loss is

accomplished by employing electrical tracing, or steam tracing, and insulating both
the process fluid pipe and the tracer together, using appropriate insulation lagging, in
an attempt to minimise heat loss from the pipe and tracer to their surroundings.

The existing software that was used to design steam tracing had to be evaluated in
terms of its accuracy and reliability, as problems associated with steam tracing
designed with the existing software have occurred in the past.

A software simulation had to be designed that could compare theoretical
inputs and outputs with that of an existing simulation used to design steam
tracing, as well as compare it to existing installed steam tracing, in order to
determine where improvements in the software could be made.

The new software had to use the outputs from the existing software as inputs
and its outputs had to correspond to the inputs of the existing software. Other
important evaluations were also included in the new software.
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Theory:

The term “Heat Tracing” is inclusive for two methods used in the conservation of
temperature. The first method is known as electrical heat tracing, and the second is
known as steam tracing.

Electrical heat tracing may be described as an insulated electrical heating
cable, which is spiralled around the process fluid pipe, after which the pipe
and tracing is insulated with the appropriate type and thickness of insulation
lagging material. While this method of heat tracing
may be installed with
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relative ease compared to steam tracing, it is more of the spreadsheet,
expensive, and poses several risks. The most the _
important of these, being the risk of electric spark, UE e 1S SesC I
which may cause electric shock or ignite flammable
substances resulting in explosions or fire. If electrical
heat tracing is not carefully controlled, there is also the possibility that the
cable could overheat and damage the pipe or insulation. This also renders
the tracing cable unusable and the cable needs to be replaced.
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Steam tracing is described by attaching a smaller pipe containing saturated
steam, also known as the “tracer”, parallel to the process fluid pipe. The two
pipes are then also insulated together with the specified insulation and
jacketed if necessary. Steam tracing is more labor intensive to install than
electrical heat tracing, but there are very few risks associated with it. The
temperature of the tracer also cannot exceed the maximum saturation
temperature of the steam, as it operates at specific steam pressures.

Steam tracing may be done in one of two ways. Bare steam tracing is the
most popular choice as it is fairly easily installed and maintained and it is
ideally suited to lower temperature requirements. It is simply composed of a
half inch or three quarters of an inch pipe attached to the process fluid pipe by
straps and both pipes are then insulated together. The other available option
is to make use of cemented steam tracing, during which heat conductive
cement is placed around the steam tracer running parallel to the process fluid
pipe, (shown in figure 1b), in an attempt to increase the contact area available
for heat transfer, between the tracer and the process fluid pipe.

It is necessary to foster a better understanding of the heat loss distribution through an
insulated pipe containing steam tracing, before continuing the discussion. For this
purpose, detailed diagrams depicting the cross-sections of the two types of tracing
methods are given below, in figures 1a and b:
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Fig. 1a: Bare Tracer : Fig.1b:Cemented Tracer
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Because the area around the process fluid pipe and tracer cannot be
accurately described simply by assuming perfect cylindrical geometry,
provision had to be made for a realistic impression of the true geometry.
Detailed derivations of formulas are included in Appendix 1.



Heat transfer across a surface occurs according to the following equation:
(Coulson & Richardson, 1999:634-688)
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(Le Roux, D.F. (1997) “Thermal Insulation and Heat Tracing”,

presented by D.F. le Roux, Secunda)
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Refer to Appendix 2 for a table of g, vs. NPS. (Table 3)

Experimental:

The cross sections of the bare traced and cemented traced pipes are given in figures 3a
and 3b, respectively. These figures illustrate how the geometric approach was used in
describing the heat loss through the system, taking into account that spherical
geometry was not assumed.
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Fig. 3a Bare Tracer

Fig. 3b Cemented Tracer
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= Time, s
= Pipe Length, (0 to maximum length for steam
trap), m
= Steam Pressure, (240 to 1700kPa)
= Nominal process fluid pipe size, (0.5 to 48 inches)
= Amount of available tracers (Oto %)
= Nominal pipe size of tracer pipe, (0.5 or 0.75 inches)
= Insulation thickness, (0 to process fluid pipe diameter), m
= Emissivity of insulation lagging (Oto 1)
= Ambient Temperature, (-10 to 50 ¢C)
=  Wind velocity, (0 to 72km/h)
The dependent variables for the simulation were as follows:
* Annulus Temperature, (Process fluid temperature to Steam
Temperature)
= Saturated Steam Temperature, (126.1 to 204.3¢C)
= Steam Consumption, (0 to 50kg/h)
= Process Fluid Temperature, (0 to 600¢C)
= Pipe Outer Radius, (10.668 to 609.62mm)
= Pipe Wall Thickness, (1.3974 to 15.6869mm)
= Pipe Inner Radius, (6.401 to 1219.2mm)
= Pipe Wall Thermal Conductivity, (16 to 401W/mK)
= Steam Tracer Outside Radius, (6.35 to 9.53mm)
=  Maximum Tracer Length, (30 to 60m)
= Thermal Conductivity of insulation (0.01241 to 0.1120 W/mK)
= Average Insulation Temperature, (Ambient temp. to Steam temp.)
= Surface Temperature, (N/A), K
= Surface Film Coefficient, (N/A), W/m?K
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|Steam tracing simulation for determining Process Fluid Temperature |

Auttor J A B de Lange Assempiions:
Saturated Steam is used, pressure drop dlong length of pipe negagiblz
Frnm“ ~to activate the macro that runs the simulation. | Fesistance to heat transfes through tracer pipe wall matenal is neglegible

| It is extremely impartant that the references in the Outputs section not be changed, as this will cause the program fo respend incorrectly.
| It is also wery important to read the messages ot the bottom of the screen sach time the simulation has been run, bafore evaluating the outputs,
| Saww a copy of this cimulation beforehand, e it may happon that the gimulation entere a cyclic error wheon some temperstures bocome hotter than

they should, which would be very difficult 1o recify,

[ Inputs | [ Ouputs |
Line Number 123 Other Information |
Pipe Length jm) 40 | Anmilus Temperature Q) ) (2 |
Steam Specification | Steam Infarmation
Sigam Pressure (kPa) | 400 | Steam Temperaivie (%0 | 1436
Steam Consumption (kgh) 5.54
Process Fluid Pipe Process Fhuid Pige
i Process Fleid Temperature (°C) 4888
ST0 Pipe Outer Radius (mm) 109 54
Carbon steel Pipe Wall Thickness {mm) .18
Minimum allowable Auid temperature (*C) 30.00 Pipe Inner Radius {mm) 101.38
Wall Material Thermal Conductivity, ke, (W/mH]} 533
Steam tracing availabhle Steam Tracer Information
Bare/ Cemented Hare Tracer Outer Radius (mim) [
Amount of Available Traces 1 HMaximum Tracer Length (m) before steam trap 0
[Tracer NPS (inches) % has to be installed,
Tracer Plpe Material Stainless Steel Required
Insulation Spockfications Insulation Information
Insulation Material Rigid Polyurethans Thermal Conductivity, kinay, (AWmK) 0.02712
Insulation Thickness (mmj) 350 Temperatwe Range ["C) 10 to BEOPC
Emissivity of insulation lagging 04 Average ion Temperatura °C) I
Ambient Conditions | Dwrer Surface Information
Ambiant Temperature [°C) 12 Hotwest Qutside Surface Temperatura ("C) 57.51
[Wind Velocity (kenh] 08 Surface Filn Coeflicient, ho, (#/mK) 0.1
Messages
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