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SIMULATION ENVIRONMENT

CASE STUDY

NATURAL DRAFT EXHAUST
STACK

This case study demonstrates the use of Flownex® to model a natural
draft exhaust stack such as those typically used in natural gas
combustion processes. A basic stack compound component has been
developed to assist and simplify the modeling process.
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Challenge:

The main challenge is the application of Flownex® to create a compound component to simplify
the modeling of a natural draft exhaust stack to be used in combustion and other related
processes.

Benefits:

Although Flownex® is capable of modeling natural draft processes out of the box, it is convenient
to have a dedicated natural draft exhaust stack component available which may be added to any
applicable process. Furthermore, this basic component may be used in conjunction with other
combustion compound components to simplify the process flow diagram.

Solution:

Flownex® could effectively be used to model a natural draft exhaust stack.

“The most important and powerful use of compound components is that
it creates reusable “networks”. Once a tested and reliable compound
component has been developed, the Flownex user may simply copy it to
any future network and reuse it without any further effort. Flownex®
offers the user the ability to develop extensive libraries of dedicated
components for any specific application. These libraries may also be

made available to other users in the organisation or elsewhere with
obvious benefits. This ability sets Flownex® apart from other tools in the
industry.”

Hannes van der Walt
Principal Thermal Engineer




Introduction

Natural draft processes rely on buoyancy effects to generate
draft. However, when modeling an exhaust stack, the stack

height also implies a small but significant pressure drop due to "Even though it is relatively
elevation. These two effects combine to drive the natural draft simple to develop compound
flow. .
components, It Is a very
Additionally, the exhaust stack compound component imple- powerful facility available to
ments convenient mechanisms to specify stack geometry and the Flownex® user. It may
Ioss.es such(als the elbow between the vertical stack ahd thg assist in simplifying otherwise
horizontal piping feeding into the stack. It allows for a unity exit licated and * v f
loss as well as an additional loss factor that could be used for Cgmp Gl i m_essy oL
any additional losses in the stack design such as a velocity seal, dlagrams by packaglﬂg
a silencer or a spark arrestor. related sections of a network

into a single component that
Model is far easier to understand

Figure 1 shows the stack compound component used in a and interact with.”
simple example network. The stack component has a single
fibre (link) that is connected to an upstream element. In this
example, however, the link is simply connected to a boundary
where the pressure and temperature are specified. Stack
specific inputs (in the blue rectangles) and outputs (under the blue rectangles) are also shown on
the canvas. The user may enter all inputs directly on the canvas except the stack diameter and the
stack flue gas (fluid). The compound component input and result property grids are shown in
Figure 2 and Figure 3 respectively.

The stack compound component internal elements are shown in Figure 4. It contains a single pipe
element, an elbow and a restrictor with loss coefficient as flow elements. It also contains three
scripts to assist with calculations. The Stack Elbow Radius Script aims to provide realistic elbow
bend radii used in industry. The Diameter Transfer Script reads the stack pipe element diameter,
specified either via a schedule or via a direct diameter, and then assigns the actual inside diameter
to the elbow and restrictor elements. The Stack Pressure Script calculates the stack exit pressure
which is slightly less than atmospheric due to elevation. It also collects the stack draft and stack loss
values and displays these to the user.
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Basic Natural Draft Stack Model Ver. 1.33

Required data inputfields are bordered by blue rectangles and may be entered directly on the canvas

This stack example demonstrates natural draft. The Atmospheric Pressure 100.000 kPa

pressure at the stack inlet is set to astmosphenc pressure o )

(100 kPa). The gas supply temperature is set at 300C. This Atmosphernc Air Density 1.2090 kg/m®

generates a strong natural draft through the stack. Notice ) .

that since natural draft is the only dnving force, the natural Stack Geametry DN: 250 Schedule: 5
draft balances the system losses. Stack Height 10.000 m

Set the inlet temperature to 15C (which comesponds with the I Additional Stack K-Factor 0.100

atmospheric density of 1.209 kg/m3 specified in the stack Flue Gas Ai| Gasses (Pure Fluids)

Stack Inlet Pressure (Total)  99.994 kPa

component) and notice that the flow is practically zero. ‘—
Stack Inlet Pressure (Static) 99 966 kPa

A 4

Stack Exit Pressure 99.881 kPa
; ) Stack Draft £9.047 Pa
- = Stack Loss 59.071 Pa
Pressure 100.000 kPa _ff_i Mass Flow Rate 0.441kals
Temperature  300.0°C Stack Velocity 9.560 m/fs
Density 0.6073 kg/m? Flue Temperature 299.953°C
Flue Density 0.607 kg/m?

Figure 1: Flownex® Model using a Basic Natural Draft Exhaust Stack Compound Component.

Basic Stack - 1 (Basic Stack) Properties - 1 X
El]34
4 General
Identifier Basic Stack - 1
Description
Solving W
4 Atmospheric
Atmospheric Pressure 100 kPa =
Atmospheric Air Density 1.209 kgfm? | =
4 Geometry
Geometry option Spedify schedule -
Database DM: 250 Schedule: 5
Stack Height 10 m|=
Stack Elbow - Is Short Radius Mo -
Additional Stack K-Factor 0.1
4 Fluids
Fluid data reference Air| Gasses (Pure Fluids)

Figure 2: Inputs Property Grid.

Basic Stack - 1 (Basic Stack) Properties - 0 X
54

4 General
Identifier Basic Stack - 1

4 Pressure
Stack Inlet Pressure (Total) 99,9935 kPa | =
Stack Inlet Pressure (Static) 99,9659 kPa | =
Stack Exit Pressure 99,8814 kPa |~
Stack Draft 19.047 Pa |~
Stack Loss 59.0713 Pa |~

4 Flow
Mass Flow Rate 0.441006 kgfs | =
Stack Velocity 9,55974 mfs | =
Flue Temperature 299,953 C |-
Flue Density 0.607094 kgfm? | =

Figure 3: Results Property Grid.
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Pressure 99.881 kPa _m(._._.,._.-._._.,._.-._._.,._.-._i
Nt/ ;

Elevation 10.000 m &,..;:....-.-...-...-.-...-...-.-...-..,;
dP 0.028 kPa N, x

i A -
Total temperature  299.906 °C
Elevation 10.000 m i

‘ Diameter

i Transfer

i Script
Length 10.000 m Stack

. Pressure

dP 24 964 Pa Script
Maximum velocity 9.560 mis ;
Total mass flow 0441 kgls
Density 0.607 kgfm? i _
Diameter 311.1 mm T

Radius 0.28m v -*:'

. Stack Elbow
Bend angle a00* Radius Script

dP 64 Pa

Figure 4: Basic Natural Draft Exhaust Stack Compound Component Inner Elements.

Case Study

As an example, air is assigned as the “flue gas” to the stack component as shown in Figure 2
above. The stack diameter is DN 250 and it is 10 m high. Assuming an atmospheric pressure of 100
kPa and temperature of 15°C, a density of 1.209 kg/m?® is calculated and assigned to the stack
component for buoyancy calculations. At the inlet boundary, a “flue gas” temperature of 300°C is
assigned with a pressure equal to the atmospheric pressure so that a pressure driving force exists.
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A strong flow of 0.441 kg/s and a stack velocity of 9.56 m/s through the stack are calculated. It is
also shown that the calculated stack draft is balanced by the total stack losses as there are no
other driving forces.

Since the assigned atmospheric density of 1.209 kg/m? relates to an atmospheric pressure of 100
kPa and 15°C, the stack draft should be tested at 15°C. As shown in Figure 5, the flow through the

stack is now essentially zero.

Basic Natural Draft Stack Model Ver. 1.33
Required data inputfields are bordered by blue rectangles and may be entered directly on the canvas
This stack example demonstrates natural draft. The Atmaspheric Pressure 100.000 kPa
pressure at the stack inlet is set to astmosphenc pressure
(100 kPa). The gas supply temperature is set at 300C. This Atmosphernc Air Density 1.2090 kg/m®
generates a strong natural draft through the stack. Motice ) .
that since natural draft is the only dnving force, the natural Stack Geametry DN: 250 Schedule: 5
draft balances the system losses. Stack Height 10.000 m
Set the inlet temperature to 15C (which comesponds with the Additional Stack K-Factor 0.100
atmospheric density of 1.209 kg/m3 specified in the stack . .
component) and notice that the flow is practically zero. Flue Gas Airl Gasses (Pure Fluids)
Stack Inlet Pressure (Total)  100.000 kPa
Stack Inlet Pressure (Static)  100.000 kPa
T T e " Stack Exit Pressure 99.881kPa
- Stack Draft -0.004 Pa
MF C\\)
ot —F Stack Loss 0.045Pa
Pressure 100.000 kPa J—i Mass Flow Rate 0.015ka/s
Temperature  15.0°C Stack Velocity 0.163 mfs
Density 1.2095 kg/m® Flue Temperature 14.951°C
Flue Density 1.209 kg/m*

Figure 5: Basic Exhaust Stack Component with Atmospheric Pressure and Temperature at the Entry.

Summary

Even though it is relatively simple to develop compound components, it is a very powerful facility
available to the Flownex® user. It may assist in simplifying otherwise complicated and “messy” flow
diagrams by packaging related sections of a network into a single component that is far easier to
understand and interact with.

However, the most important and powerful use of compound components is that it creates
reusable "networks”. Once a tested and reliable compound component has been developed, the
Flownex® user may simply copy it to any future network and reuse it without any further effort.
This is of course true of any compound component.

Flownex® offers the user the ability to develop extensive libraries of dedicated components for any
specific application. These libraries may also be made available to other users in the organisation
or elsewhere with obvious benefits. This ability sets Flownex® apart from other tools in the industry.
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