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Overview

« The Thermal Design of a Flat Heat Pipe (FHP) for waste heat
recovery by radiation and forced convection from high
temperature sources

« Atheoretical model to predict the thermal performance was
built

* The Mechanical Design of the FHP
« The Results obtained from testing the unit on site
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Introduction

* Energy consumption in steel
Industry presents 5% world
energy consumption

i * 40% of total operating cost
Is for Energy cost

* Challenges:

_ — Limited Space, Inaccessibility,
Total operating cost Temperature Restrictions

— Payback periods, Project and
\ / investment costs

= Other costs = Energy costs
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Flat heat pipe Thermal Design
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FHP Mechanical Design
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On site Testing

Distance from
the Barrier
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On site Testing

Steel temperature 450 °C, Air flow velocity 6.7-12 m/s, Air temperature 136 °C
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Experimental Setup
« 3 Thermocouples on

73 the bottom connector

* 9 thermocouples on
the surface

« 3 Thermocouples on
the condenser

* One thermocouple on
' the panel
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Results

Steel temperature 450 °C, Water flow rate 0.38 kg/s, Air temperature 136 °C

Test 1: high density of steel wires, Distance from the barrier 65 cm, Air velocity 6.7 m/s
Test 2 : Low density of steel wires, Distance from the barrier 6 cm, Air velocity 12 m/s

180
160
140
120
100

Temperature °C

Heat pipe temepratures Test 1

100
Time (s)

200

Heat pipe temperatures Test 2

— =
o = O O
o O O O

Temperature (°C)
o
S

200 300 0 50

150
Time (s)

200

— — Evaporatorl
— — Evaporator2
Evaporator3
——HPI
—HP2
HP3
——eHP4
——eHP5
——=eHP 6
— . =HP7
— . =HPS8
— . =HP9
Back panel

Coumels UK

& Low Carbon RO

RCUK Centre for Sustainable Energy Use in Food Chains
www.foodenergy.org.uk

MANUFACTURING
THE FUTURE

10



4 CSEF 1st International Conference on &
Q) i Sustainable Energy and Resource Use in Food Chains |CSEF2017

Results

Steel temperature 450 °C, Water flow rate 0.38 kg/s

Test 1: high density of steel wires, Distance from the barrier 65 cm
Test 2 . Low density of steel wires, Distance from the barrier 6 cm
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Results

Steel temperature 450 °C, Water flow rate 0.38 kg/s

Test 1: high density of steel wires, Distance from the barrier 65 cm
Average outlet temperature: 33.4°C, Maximum Heat transfer rate: 15.6 kW
Test 2 . Low density of steel wires, Distance from the barrier 6 cm
Average outlet temperature: 41.4°C, Maximum Heat transfer rate: 14.8 kW

Water inlet and Outlet temperatures Heat Energy Recovered
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Conclusion
 FHP thermal and mechanical Design and
validation on site were preformed

* The average heat recovery amount ranged
between 14.8 kW and 15.6 kW

* Future work: Study the FHP performance in
different conditions
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