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1. Sources of fluctuation exhaust gas conditions




Variable road conditions results in wide fluctuating Loughborough
gas flow rate and gas temperature

[P University

Vehicle Speec

a O
Speed & Load Vehicle control

Transmission control
Engine control
Thermal management

o /

Flow Rate & Temperature

Output Dynamics




Vehicle driving cycle-NEDC ¥ Trni

NEDC(New European Driving Cycle)
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Engine speed and power during NEDC-an example o noarug,
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NEDC(New European Driving Cycle)
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Exhaust gas flow rate and temperature during NEDC b?]‘i’feh,.'?;i’tg’ugh
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2. Dynamics within TEG




One thermoelectric unit ] b?#fﬁéﬂ?“gh

Elements of one TEG unit
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The impact of transient gas flow and temperature Loughborough
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conditions on TEG performance

Exhaust gas and coolant dynamic compressibility

Exhaust gas properties change with temperature

Inertia of exhaust gas and coolant

Thermal Inertia of heat exchanger

Dynamic aspects of changing material and transport properties of
thermoelectric material

Heat exchanger performance varies with input gas conditions

Variable thermal expansion results in variable contact thermal resistance
MPPT control dynamics

Transient pressure drop across TEG has transient influence on engine
behaviour via pumping loss and turbocharger
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Our TEG dynamic model so far includes: 2, 4, 5, 6
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3. TEG dynamic modelling methodology

I.  Thermal network

ii. Energy conservation

lil. Dynamic TEG model structure

Ilv. Hot side heat exchanger sub model

v. Thermoelectric module geometry sub-model & design option




M Loughborough

Thermal network model v University

TCU €

Energy to coolant

TEG maximum power output | e ,]\ 0. = Tec ™
cc RC

l _ S%E(Th - TC)Z -

Pmax -

C

1
’I\ Qc =sreTcl + Efzrint + kg (T, — Tc)

4r; L
int /b Qn = St Thl — 2 =1* Tint + Kpp(Th — T¢)

Hot side of the . 1\ 0, T =T
TEM HXR - Rch
Mpxr R..
Heat exchanger fin 1\ o -
surface r -[ fin Rfm
Exhaust energy in —> 7:;:” N > Tout A'? 1y Cp g (Tin — Tout)
g

Change of enthalpy of the exhaust gas




Thermal energy flow via thermoelectric module — §F Ghiveraty >
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Dynamic TEG Model Structure v Unicert

Rapid design evaluation — including
optimal design

Understanding of cause and effect

Real time use to support “rapid prototype
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A dynamic model made up of
many elements — each
representing a module

 Represents dynamic aspects of
energy transfer
e Is scalable




Hot side heat exchanger performance varies with gas Loughborough
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In conditions
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Thermoelectric module geometry-three design
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Pmax has reciprocal relationship to Rmodule
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Hot side temperature has impact on the relationship %Loughbomugh
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between Pmax and Rmodule
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Constraints of leg length on rmoaue, aeg AN Neoupie Qe Unaratty
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T,=30°C,T,=500K.

Pmaxis linearly
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correlation is not
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The lower rmodule the higher efficiency ¥ {-J‘;]‘;ggrg*i’t;*’ugh
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Cost and Size of TEG is an another constraint poe b
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* The total thermal efficiency is higher at low rmodue, however, the ratio of total Pmax
to the number of TEMs is much lower, meaning higher TEG cost

o Lower rmodule at the same leg length and number of couples implies a lower fill
ratio
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4. Impact of thermal inertia on TEG performance

I.  Validated dynamic TEG model
ii. Predict the impact of thermal inertia on TEG output
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How well do we track dynamic behaviour?
« Gas conditions are the result of o _—
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TEG output under different thermal inertia condition Loughborough

during NEDC transient cycle (W University
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* The greater the mass of hot side heat exchanger, the
smaller the spikes caused by the fluctuation of gas-in
condition, results in smaller mean Pmax
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1. Road and traffic conditions, driving capability and control systems are the
sources for wide fluctuation of exhaust gas conditions

2. Within the TEM, there are also a few factors that have impact on TEG
dynamic performance. However thermal inertia, material properties and
heat exchanger performance are the key components

3. The dynamic TEG model has good validation result against the engine
transient test cycle

4. The thermoelectric module sub-model provides a good guide in the design
of module geometry

5. Thermal inertia can be used as a design factor for matching engine exhaust
gas transient features to maximize the TEG output
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1. Include thermal expansion effect in the TEG model and investigate other
dynamical process and there contributions to improving model accuracy

2. Modelling the relationship among thermal inertia, heat exchanger
performance, pressure drop and bypass function

3. Investigate the influence of TEG on engine behaviour, hence can develop a
complete engine-TEG model

4. Develop an optimization algorithm for transient cycle based optimal TEG
design
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