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in Table 2.1
Table 2.2.
Table 2.1 a+ bT +
cT? +dT3 + eT*
a b d e Units

an - 3.08 2 S 115x10% pvK

p_
ap -1.62 3 s VK
ke 142 -0.10 “ 7 10 W/mK
ke © -65.8 0.64 3 € 1.74x10°  W/mK
I fi- . 3 -1 -13 - -16 Om

o g -10 12 16
Yo - 1.12x10 - Om
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3.9%x10?
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x10?

Table 2.2
Value Units  Source
th, n- 2.54x107 m 2
th, p- 2.54x10% m 2
Sn n- 2.3x10¢ m? 2
Se p- 2.3x10¢ m? 2
Dn n- 7700 kg/m? °
Pe p- 7700  kg/m? .
Ca n- 200 2
C p- heat 200 2
Shst 4,6x10 m? 2
Shez 4.6x10° m? 2
Aasi 2000 W/m?K b
Pasz 2000 W/mK b
thee 5x10% m :
See 4,6x10% m? 2
Kee 36 2
Pre 3975 kg/m? 2
Cee 765 i
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etal. [109]

et al. [112]
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Figure 3.1
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Figure 3.2
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Figure 3.2
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Figure 3.3
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Table 3.1

Value

Model

Max.

VW

Euro 6b

4,in line
74.5

80

1395

10:1

3.65

3.78:1
2.12:1
1.36:1

1.03:1

0.73:1




Figure 3.4

Table 3.2

Table 3.2.

cRIO

Current |

PCE-

+0.2°C

+1.5°C

1%

-680 5%

-680 6%
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3.24

17.1.
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Table 3.3
Table 3.3
1 2 3 4
(¢C) 407.9

4150 557.1
5.95 17.63 37.07 3261
384 485 65.7 74.7
39.6 51.2 70.7 80.8
0.12 0.2 0.12 0.12
1046 2104 3447 351.0
412 571 85.2 95.2
5.52 111.27




3.3

(3.1) and (3.2),

¢ ivg =g
9D\ _ (3.2)
V(]+at)_0’

0, C,T.t,qq. Jand D

(3.1 and (3.2)

ions (3.3) and (3.4),

pC Z—: +V([Tal]) - V([€]VT) = g, (3.3)

0
(119 52) + W(lo1LalvT) + V(lo]vg) = 0, 34
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3.4
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@,k,0,aand ¢

Figure 3.9



Figure 3.5

Figure 3.5

Figure 3.6 and Table 3.4
Xy z-
Table 3.4
t )
0.25
1.97
1.97
0.77

Sand th are
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Figure 3.6

-
Upn = Ay + A Tgyg + a3Ta,,g2 + a4Tm,g3 , (3.5}
Kpn = 01 + 2 Tap0 + a3Tm,g2 + a4Tavg3 , (3.6}
O-p_n]: = a1 + azTavg + a3Tavgz f (3'7)

Tavg =T, +T,)/2

Figure 3.2, are
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Table 3.5

n- p-
o az az 1] a az az [:F)
a -1.60x10°  -2.06x10%  1.08x10®  -1.91x10"  -1.60x10° 2.06x10% -1.08x10® 1.91x10™"
K 5.99x10° 3 974x10%  -1.14x10%  5.99x102 3 .974x10% -1.14x10%
o (Qm) S 487X107  6.24x10™ - © 487x107 624x10™
200
p (kg/m?) 7700
Steel
K 394 43 237 25
o' (Qm) 3.20x10* 2.82x10%  1.00x10"
385 473 903 765
p (kg/m?) 8933 7801 2702 3975
& (mm) 0.0015 0.0024 0.01
Figure 3.7 and Figure 3.8
RelCu Reln and Relp
n- and p-
R, (C1,...,C4
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Figure 3.7

Figure 3.8

-couple.

ctric uni-couple.



Table 3.6

Om
o1, Cu 3.2 x 108
o lun
U_lelp
o’
R, C1 48 x107°
R, C2 4.8 x107°
R, C3 4.8 x107°
R, C4 48 x107°
RepcCp 2.78 x 1072
RipCu 2.58 x 1073
Riyn
Renp
w/m’K
R C1 2x103
Ry, C2 0
R C3 0
R C4 0
R, C5 0
R, C6 2x103
Figure 3.7 -

n-and p-

The
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R.n, R,;p and R,;Cu are not

(3.8)

Rincp, R Cu, the

Ripn and Rypp
Ry C1, ..., C6
1
Ren = 3.9
[122]
[123] [124]

[125] 107° to 1077 Om?=.

102 and 10* W/m%K are
[126]. In Ref. [123]

[122]

RthC:l == 5 X
103W/m?K, R,,C6 = 10* W/mK and Ry;C1 = Ry C2 = Ry C3 = R, C4 = 4.8 X
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107° Om?

has
k-e. A m
3.2.2
3.5
3.24
Table 3.3

Figure 3.9 and Figure 3.10

-model.
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Figure 3.9

Figure 3.10

Figure 3.9
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Thus, th

Figure 3.10

Figure 3.11
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Figure 3.11
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Figure 3.12

3.12

Figure 3.12

ATEG.

f we

Table 3.7, and

Figure

Figure 3.13
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Figure 3.13

Finally, Table 3.7
Table 3.3
Figure 3.12.
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Chapter 3. A method to assess the fuel economy of

automotive thermoelectric generators

Table 3.7 Experimental and simulated results comparison for the operating conditions.
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Table 3.7



PGnet
_ 1007mpcy
e,G nGIP Gnet
104y
Fepp = =15 “2BP
o= 100gév
ew T ppIP

Pg et = P — Pp

Fog, Fepp, and Fy,

Penets Vex, BP, &, v, p, and W

Pg

to-direct-

IP

P mIMEPB2STN
B 120

IMEP = 21T
Y

where §V, B, ST, N, and t

P; to

(3.10}

(3.11}

(3.12}

(3.13}

Npcu+ Ne. 1P,

-current-

(3.14}

(3.15}

(310}, (3.11}and (3.12}
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PGnetf IPr BP; ﬁex, v and W,

s _ 100npcy
1 theo 77—6
S2 theo = —-10*
100g¢
S3theo = — -
3.14 -

Figure 3.14
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Figure 3.15

Stheo

(3.16}

(3.17}

(3.18}

Figure



PGnet

_ NeNpcyTW2T
60

)

Figure 3.15

(3.19}
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Ne. Npcu, T,and

Figure 3.16

In the
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Figure 3.16.

PG net
S1 sim-
Figure 3.17.
Up
Figure 3.18.

-driven



Figure 3.17

Figure 3.18

S2 sim-

S3 sim-
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r’ Table 3.8.
Table 3.8
v (km/h) 50 80 100 120
IP(kw) 30.111
S1 theo (%) 168 168 168 168
r
S1 sim (%) 158.1 164.5
2.08
S2 theo (% W s/mbar m3) - - - -
2
Sy sim (%W s/mbarm3) - - - -
- - - 9.15
S3 theo (%/m/s) -109 -109 -109 -10.9
r
53 sim (%/m/s) - -11.241 -1043 -1043
-043  -3.13 4.31 4.31
Table 3.8 Stheo

Ssim (3.10), (3.11) and (3.12)
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b, = NSVn,FTPPp;, ' (3.22)
120p4yt
Ny, FTPP, Pin s and Pout
Figure 3.12
BP and v, as,
BP = Kv,,%, (3.23)
K =3.7 x 10%,
(3.21Yand (3.22)
as
V= @Tn 120pout VBP _ H\/ﬁ (3.24)
60AXTR SVn,FTPPp;, K
Pout/Pin = 1.5and FTPP = 0.75
My
0.85.
IP = Fv
E. Fq
1 2 (3.25)
F=FE+ F;= §gW, +5dcpairSav”, '
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Pgper and BP.
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Table 3.7
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CPin Figure 3.19

68

(3.26}

(3.27}

(3.28}

(3.29}

(3.27) and (3.29)



Figure 3.19

Pnet on PGnet
Figure 3.20 P,
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S, BPYBP s
Paer = Paner = Per = aBP? + bBP — P, — (- 22028 S ywyEp).  (3:30)
t Gnet a + P 51 JK )
(3.26)
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Table 3.9

BP PG PGnet Prr Pnef Fe
w) (w) ((w) (W) (%)

0.719 552 -3.98 451 -13.83 -0.972

28.18 16.82 13.64 0.160

36.53 111.27 101.77 99.11 0.003

24.12 0.076

Figure 3.20. The

Figure 3.20
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Fy max (%) 0.179
BPre max 8.19
BPppet max 20.01
BP¢p 4 2.92
BPcp 37.04
cP2
CP1
BPPnet maxr
BPFe max
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Table 4.1

(W] . Exhaust
Cooling TE flow Press.
| rate loss | Ref
. teria
Transient | TE [°C] ma [mbar]
state ! TE | Exhaust [g/s]
engine | hot
eng. " . AT
conditions | side
cond.
Cummins
1068 - - 175 - - BiTe - - [45]
266 - - 270 650 25 - - [46]
BiTe
42,3 - - 237 650 - BiTe - - 54
3,6l (54
FordLincoln | o, Driving S| -] e 20 45 - (62]
61i
Cycle)
356 - - 396 595 25 Sice 58 - [24]
bench
177 - 283 - 550 88 BiTe - - 1
53 (]
Chevy 235 - 40| - | s00 - - - (55]

suburban BiTe
.Engme 350 - - - 600 10 BiTe - - [132]
simulator

X 250 - - - 600 - Silicide - <30 [56]

rig

150
(NEDC¥*) .

. 500 - - 450 - BiTe - <30 63
diesel 200 1 [63]
engine (WLTP*)

Present
Golf 1.4 TSI 111 30 344 | 260 557 65 BiTe+PbTe 37 36
wark
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