https://doi.org/10.69239/hondatechnicalreview.2009 21 2 9

goon

Joogdbobtgtdbbotdubogdoogd

Heat Recovery Technology of Automobile Using Thermoelectric Element and Its Effect
on Fuel Economy
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ABSTRACT

Prior to the development of a heat recovery system
using thermoelectric elements for automobile exhaust
heat energy, simulation methods were developed to
understand the current technical level and extract issues
as well as key technologies.

Generated power not only has a positive effect on
automobile fuel economy, but there are also the negative
effects of increased weight and backpressure. Effects of
fuel economy making full use of thermoelectric technology
lie in optimum balance of these factors. Thus, guidelines
for optimizing this balance were also developed.

The results showed that heat recovery using existing
thermoelectric elements is nearly unable to enhance fuel
economy. Elements that exhibit good performance within
the temperature range of 100°C to 350°C should be
employed, and development of new elements is found to
be the key. Furthermore, investigations also showed that
a heat recovery system provides approximately twice the
fuel economy effects when the engine is operated at
constant speed such as in a series hybrid, compared to an
ordinary car. These findings provided the outlook that the
combination of developing new elements, selecting the
optimal car type, insulating the exhaust system, and
adopting other technologies leads to enhance fuel economy
by 3% or more compared to conventiona levels.
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Table 1 Preconditions adopted for simulation

Precondition factors(] Adopted precondition]

Target of exhaust condition to be Average mass flow and temperature(]

optimized in US combined driving cycle O
EvalqatedD Type and engineld STREAM 2.0L
vehicle displacement
Heating sourcel] Exhaust gasC
SystemQO Cooling sourced Coolant (90°C-3L/min. constant)
configuration s
Efficiency of voltage( 85% constantC]
converter
Sectional area ofC] Equivalent to sectional area ofJ
Heat 00 exhaust path exhaust pipe
exchanger Fin volumeO 10% relative to exhaust pathO
Fin materialO Exhaust: SUS Coolant: Copper

Sectional dimensions(

5mm x5 mm
of element

Thermoelectric [1Gap between elementsl] 1 mm0O

unit

Electrode size andO

R 5mm x 11 mm x 0.5 mm Copper
material

Module efficiency 45% constant[]

gdodoooooooo

gomoooooooobooobooboboboboo

Fig. 10 00O00OOD0OO0OO0ODOO0OODOO0ODOOOODOOO
gboboobooooobooboboobobobooboooo
oboboobooooooobooboobooboboooooo
gboboobooooboooboobooboboboboonoo
ogboboooboooooooboobooboobobobooog
gboboobooooboooboobooboboboboonoo
oooooboobooobobooobobobbboboooooo

©)

goooo

gbobobobobobobobobobobo
gboboboboboboboboboboobo
gbobobobobobobooboboboobo
gbobooooooooooobobo

gbobobobobobobobobobobo

gobmoooooobooooooboobobobooboo

g
O
O

gbmoooooboobobooooboobbooboobo

O

gbobobobobobobobobobomoon

gbobobobobobobobobobobo
gbobobobobobobobobobobo
gbobobobobobobobobmoma
gbooooooooobo

O
u
g

gobmooooobooboooboooboooboobo

goboooobooobbooobooobbooboboooo

pcDCO U0 nobooonoobooooonogon

d

gobooooogobooboooobooobbooooboobo

gbobobobobobobobobobobo

O

goboboboooboboboboouooboobobo

(1)5 Definition of target workingC}

condition for optimization
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i Performance loss due to assembly :
|
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iLoss due to internal resistance[i]

i Estimation of[}

Loss due to Peltier effect
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i system weight :

i element height
Laoemel n
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Fig. 2 Flow and factors considered in simulation
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Table 2 Effect of unrestrained specifications on
factors affecting fuel economy

QO: Has effect[1x: No effectl

Elements affecting fuel economy
Unrestrained specificationst Engined | Generatedd| SystemO
backpressure power weight
Heat[ Fin pitch and(] 0 0 x
exchanger thickness
Number of0] o o 0
Thermoelectric J_elements
unit Element % o o
thickness
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Fig. 4 Performance map of thermoelectric unit
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Fig. 3 Performance map of heat exchanger
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Table 3 Optimized specifications of thermoelectric unit

Hot side heatO
d@xchanger

Sectional size: 7 mm x 294 mmQO
Fin specificationsD

Fin thickness: 0.175 mmQ

Fin pitch: 0.88 mm

Cold side heatl] | Sectional size: 2.5 mm x 294 mm x 2 paths[]
changer Fin specificationsO

Fin thickness: 0.03 mmO

Fin pitch: 0.2 mm

Element size 5 mm x5 mm x 8.6 mm x 800 piecesl]

Unit weightO 4.2 kgO

System weight[1| 8.3 kg

Table 4 Effect of thermoelectric generator on fuel

economy
Increase in0J Reduction of(]
fuel economy CO,per km
% g/km
LA40O 0.130 0.20
HWYO 0.360 0.420
SC030 0.150 0.240
usoed 0.080 0.140

83kgD D OOODODODOOOOOODOOOOOOooDO
OoO000O00OTable400000O00O0O0OCOOOOO
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Fig.7 0 LA DO0O0O0OOOODOOOODDOO

576°C 4000 W (1) Heat emission from exhaust system before]

reaching heat exchanger
476°C 3280 W

(2) Loss using 90°C coolant for cooling instead of
20°C air

(3) Heat rejected by heat exchanger

15% loss (4) Heat emission from heat exchanger

(5) Carnot efficiencyd
Mean hot side element temperature = 310°CU
Mean cold side element temperature = 100°C

(6)Efficiency of thermoelectric element against [
Carnot efficiency

87% loss

(7) Performance loss due to assembly

(8) DC-DC conversion efficiency

Increase in fuel economy:[0.13%0]
22w  Reduction of CO, per km: 0.2 g/lkm

Fig. 7 Analysis of energy flow in LA4 driving cycle
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