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FINNED TUBE HEAT
EXCHANGER - TRANSIENT

This case study demonstrates the transient thermal fluid simulation of

a finned tube heat exchanger. The finned tube heat exchanger model
can also be used in cycle analysis where it is used in conjunction with
other models (See "Start-up of two-shaft High-Temperature Gas-
Cooled Nuclear Power plant” case study).
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CHALLENGE:

The objective of the simulation is to simulate the response of a finned tube heat
exchanger due to a specified temperature and pressure transient.

BENEFITS:

This case study demonstrates the transient thermal fluid simulation of a finned tube
heat exchanger. The finned tube heat exchanger model can also be used in cycle
analysis where it is used in conjunction with other models (See “Start-up of two-
shaft High-Temperature Gas-Cooled Nuclear Power plant” case study).

SOLUTION:

The thermal fluid transient simulation of a finned tube heat exchanger was
discussed. The thermal inertia of the finned tube heat exchanger was visible in the
temperature results. Depending on the design criteria, different variables can be
monitored during the transient event, e.g. velocities, pressure difference between
the fin and tube sides. From the temperature graph it can also be determined
whether the heat exchanger would provide the design point outlet temperature for
the specified transient event.

The objective of the simulation is to simulate the response of a finned tube
heat exchanger due to a specified temperature and pressure transient.
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INTRODUCTION

This case study demonstrates the transient thermal fluid simulation
of a finned tube heat exchanger. The finned tube heat exchanger
model can also be used in cycle analysis where it is used in
conjunction with other models (See “Start-up of two-shaft High-
Temperature Gas-Cooled Nuclear Power plant” case study).

SYSTEM DESCRIPTION

The thermal hydraulic conditions of a typical finned tube heat
exchanger are simulated. Figure 1 shows a schematic of a typical
finned tube heat exchanger.
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Figure 1: Schematic layout of a typical finned tube heat
exchanger.

OBJECTIVE OF SIMULATION

The objective of the simulation is to simulate the response of a
finned tube heat exchanger due to a specified temperature and
pressure transient.

www.flownex.com | enquire@flownex.com

The Flownex finned
tube heat exchanger
model is a distributed
model that is build up
from an integrated
network of one-
dimensional elements.

This case study
demonstrates the
transient thermal fluid
simulation of a finned
tube heat exchanger.

The finned tube heat
exchanger model can
also be used in cycle
analysis where it is
used in conjunction
with other models




FLOWNEX MODEL

The Flownex finned tube heat exchanger model is a distributed
model that is build up from an integrated network of one-
dimensional elements. These elements represent either the flow At 10 seconds when
paths on the finned or tube sides or they model the heat transfer the finned side inlet
from the fluid on t'he tube. side, thrpugh thg tgbe wall and fins to pressure is increased,
the fluid on the finned side. In Figure 2 it is shown that each

intersection between the finned side fluid path and the tube side the outlet temperature
fluid path is considered as a control volume and the typical element of both the finned side
network of a single control volume is shown. The thermal inertia of and tube side

the solid tube wall and fin material and the fluid volume are taken

‘ . . . , ‘ increases almost as
into account in the modeling of transient simulations.
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Figure 2: Discretised Flownex finned tube heat exchanger model.

DESCRIPTION OF SIMULATION

In this case a finned tube heat exchanger with two parallel circuits,
ten rows high and five passes are simulated. Both sides use air as
working fluid. The inlet temperature and pressure of the air on the
finned side is 150 °C and 350 kPa respectively. The inlet
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temperature and pressure of the air on the tube side is 30 °C and
350 kPa respectively. The finned side has a pressure drop of 1 kPa
and the tube side has a pressure drop of 2 kPa. During the transient
event the following events were specified:

a) At 1second the finned side inlet temperature is changed from 150
°C to 300 °C.

b) At 10 seconds the finned side inlet pressure is changed from 350
kPa to 500 kPa.

c) At 20 seconds the tube inlet pressure is changed from 350 kPa to
500 kPa.

d) At 25 seconds the finned side inlet pressure and temperature are
changed from 500 kPa and 300 °C to 350 kPa and 200 °C
respectively. At the same time the tube side inlet pressure and
temperature are changed from 500 kPa and 30 °C to 350 kPa and
25 °C respectively.

During the transient the outlet pressures are kept constant.

RESULTS

The Flownex results are compared to a distributed model in XNet1.
The comparison between the temperature results are shown in
Figure 3. It can be seen that at 1 second when the finned side
temperature increases to 300 °C, both the finned side outlet and
tube side outlet temperatures increases gradually. At 10 seconds
when the finned side inlet pressure is increased, the outlet
temperature of both the finned side and tube side increases almost
as quick as the specified transient event. This is due to the sudden
increase in mass flow on the finned side. At 20 seconds the tube
side pressure is also increased and this causes the finned side outlet
and tube side outlet temperature to decrease suddenly. This is due
to the sudden increase of mass flow on the tube side that is able to
remove more heat received from the finned side. At 25 seconds
both sides experience a pressure and temperature transient. The
quick response of the outlet temperatures are again due to the
sudden change in mass flows. Thereafter the gradual decrease of

1 XNet is a general thermal-fluid network code, which solves the
mass, momentum and energy transfer equations in complex
networks. XNet uses an explicit fourth order Runge-Kutta time
integration scheme.
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the outlet temperatures is due to the change in inlet temperatures.
In both cases where the inlet temperatures were changed the outlet
temperature on both sides only changed gradually due to the
thermal capacitance of the tube wall solid material. It can be seen
that the thermal inertia of the solid material is much larger than the
thermal inertia due to the fluid volume by comparing the transient
temperature response of the outlet temperatures when a step input
was specified at the inlet.
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Figure 3: Finned side and tube side temperatures for Flownex and
the code XNet for the transient event.
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Figure 4: Pressure difference across tube wall during transient.
0.5 1 1.5 2 25 3 35 4 4.5

Tube flow length [m]

‘—O—Tube flow —8— Tube wall —— Fin side ‘

Figure 5: Temperature distribution along tube flow length.
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The pressure difference across the tube wall, at the bends at the
end of each pass through the heat exchanger, during the transient
event is shown in Figure 4. The largest pressure difference across
the tube wall is between 10 and 20 seconds and has a value of 150
kPa. The fluid temperature distribution on the fin and tube sides of
the heat exchanger and the tube wall temperature for the last time
step of the transient is shown in Figure 5. It can be seen that the
tube wall temperature and the finned side air temperature stays
constant for each tube pass through the heat exchanger. The tube
side temperature however, increases gradually along the tube
length.

CONCLUSION

The thermal fluid transient simulation of a finned tube heat
exchanger was discussed. The thermal inertia of the finned tube
heat exchanger was visible in the temperature results. Depending
on the design criteria, different variables can be monitored during
the transient event, e.qg. velocities, pressure difference between the
fin and tube sides. From the temperature graph it can also be
determined whether the heat exchanger would provide the design
point outlet temperature for the specified transient event.
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