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Example: forging process

Forging temperature of steel:

. 1200° C
2 mf:; Heating needs about 500000 kJ/t
N '; That corresponds to about 0.5 MWh/t

20% of the heat is lost radiative after the
process within the first minute of cooling
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Forging process process data
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a) Material cart and bar
magazine

b) Induction-heating facility

c) Forging unit

d) Unloading/cooling belt


http://de.wikipedia.org/wiki/Grad_Celsius
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Forging process
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process data

* About 200 parts of 3kg at a time
on the belt

* Cooling from 1200°C to 800°C
* Heat loss of about:
Eioss =Cotee"M*AT
0,477kJ/(kg K)*600kg*400K
=114480 kJ
* 90% radiative heat loss
5m? area, cooling time 60s

results in
400kW/m? radiation heat


http://de.wikipedia.org/wiki/Grad_Celsius
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Forging process
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Coupling TEG

P
P

therm™

electr.

Hot ambient
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-,

Cold ambient

=100 kw
=4 kw

H

C


http://de.wikipedia.org/wiki/Grad_Celsius
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The task: system integration

Heat
absorbed N-type semiconductor pellets

P-type
semiconductor
pellets

Positive (+)

Heat ]
rejected Negative (-)

Thermoelectric Generator (TEG) Functions

Hot Fluid In
—

(Exhaust Gas
or Coolant)

Cold Fluid In
—

(Coolant or Air)

Hot Side
Heat Exchanger
I ||
Thermoelectric

Modules
———————————— |

Cold Side
Heat Exchanger

Hot Fluid Out

q

Electric ‘ Power Conditioning
powe'r & Vehicle Interface
Cold Fluid Qut

S
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p- und n-Typ Material
-> elektrisch in Reihe
-> thermisch parallel

Seebeck-Koeffizienten
o, und o,

Uo = a* (Ty-Ty)
Spezifische Leitfahigkeit
o, und o,

Thermische Leitfahigkeit
A und A

Peltier-Koeffizient
Jo=IT"l

Kelvin Gleichung
o=I1/T

Thermoelektrische Kenngrof3en

R,

Guteziffer
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Thermoelectric standardisation
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Coupling TEG - cold side
Cold side coupling with liquid

But cold side very sensitive to heat transfer as
Hot ambient

W o well
]

Drifting temperature at cold side

AT= 150K
T 4,5
HI
TE- 3
module T 43
=
T 5 42
€
54 10% decrease
= « .
£ 47 of efficiency
@ 39 - v
TC -
3,8 T T T T T
QC 20 40 60 80 100 120

o

Cold ambient Tcold [°C]
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Dependence of the efficiency of a module on T4

7,5

=¢=—Thot=200°C

=fi—-Thot= 250°C
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efficiency at matched load

20% decrease
of efficiency

P
[

Tcold [OC]
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Option heat to cool

Chilled water 7°C
Efficiency 78%

==y

Hot ambient

W o,

@) BROAD EA

—

T, Heating water 65°C
Exhaust Efficiency 51%
500°C

Exhaust chiller

THI
TE- |, V 150 kW heat = 100 kW cooling @7°C
module
T Pelectr. < 200W

Te W,

Cold ambient

C
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Forging process

temperature
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summary

100 kW radiative heat absorbed

Cooling by , heat to cool” 100 kW stabilizes
cold side temperature, electrical
consumption below 200W

» >4% efficiency expected

24 kW

electr.

Perspective for other processes with waste
heat temperature up to 200°C


http://de.wikipedia.org/wiki/Grad_Celsius
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Project Partners

I:l'l D D. Ebling: lab for thermoelectricity
UNVERSIT oF apIES SCHNES M. Adam: EZ2-lab for renewable energy and energy efficiency,
heat management
D. Arlt: lab for electric supply network feed in

A. Benim: Modelling

Fachhochschule i 8
Slchweastifaken

eraity of Appliod Scances () R. Herbertz: Lab for massive forming processes, phase change
materials

HBS

SEISSENSCHMIDT F. Pingel: forging company, system adoption

Precision Components
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