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Abstract

An alternative energy technology based on thermoelectricity generation is investigated and its
DEEE

MEF|I M R, BEM, XN, MEY, &%H. b FEERK RGN TR, 2020, 10(3):
23-33. DOI: 10.12677/5e.2020.103003


http://www.hanspub.org/journal/se
https://doi.org/10.12677/se.2020.103003
https://doi.org/10.12677/se.2020.103003
http://www.hanspub.org

+t

i

%

power is systematically investigated under various work conditions in thermoelectric applications.
In addition, authors have modelled, designed, and constructed the thermoelectric power system.
Moreover, they have invented a state-of-the-art table-top instrument that may evaluate several
critical thermoelectric characters in situ. Several aspects of the thermoelectric features are char-
acterized in situ that include the efficiency, force response curve, current-voltage (i.e., I-V) curve,
power-voltage (P-V) curve, and the power versus temperature (P-T) responses. Furthermore, they
have successfully built a high-power heat harvester and have applied to the automotive case study
in details. Finally, they have obtained the multi-stack thermoelectric devices that have improved
characters; e.g., both the power output and the thermoelectric efficiency have improved in com-
parison to the devices commercially available. The investigation leads to 19% efficiency in triple
stack devices and 10.6% in the dual-stack one.
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1. 5|18

P T N S0 ) Tl A 3 Sl Bl 2 TR U S S L, AR R E R i AT (AR
HE) [11RFREME, LI i, A ZE 201944 H, ©F 197 MERZEE 7 izhe, Hhgk
LHEFEFIF R AT EAERIE, BRRBHR, MRS, (EEPE) KBl — A bR S & T
HE B AR PRI AR L R IR R LA U8 G A BRI BRI (2] 7T 24 R AR 1T LA e Ak
VEFRAWHG K 02455 2 2. BEE AT HA SRR R TR, A7 R R — AN B Pk (0 A 3
Ry REFIZEF R SE AT A B IR EHIDLHR[2] [3] [4] [5]. IR7% K HL(TEPG) T4 i v 2k
TEME R, S HLTRT B BON AREE FA TR AT MR T6] (7] AMTBIKCIR & R R E T RE B E s L1
HAE, TR ZE S FLBAR T B R 14 38 D1 T 2R (Seebeck Effect) [8]7 2K A e 4k HLfE .

AR 2 VLTS8, AR [T RN A 1B I 22 i e g i T SR e A R, 2R . s i 2R
() R 2% AR 22 R AR 27, b ZT RGBSR B S5 —, B ZT I RGN
AHEEERRL IR, Foh, E SRRt FeBbE A ERR. ABUN. WY, Wi
PEOFSE B BRI, XS H A AR LA R T

ELZE R LR MR AT SRR, ARDEHK ZT R 4 1, 822K HAL S R F LB R it T
RS WAESCHRO], ZT MR 2 AR, REE AR 2 —. 42T = 41,
5 ORPBARE MR AR L, AR SR E &, ATIA 30%.

PR KB AORE . PRI R 2 PRI, G PR AR BB R R . 1
X A LA A R 2 T PR T LA R I LR e TR, 4FRBIAE AR T, MR SRR, AMER
BIAL 72 A AT SRR A5 10308 3 K B ) A F B B o IR I P2 AR S T 1 kW IR % PG
BHHE AR ABRSIR, CAWRS T KEXT &R Aoy B SRR 5 [11] [12] [13]
[14].
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2. FREIRR[FIR A

WS, 2R AR Z NS LR AR, TR HORCERAE,  TR RR

R R B — AR R R AE ZT . 3T — Rk, 5l 05 SC ML RE rT LUR PR
WHARAE ZT KA, W R pR:

7T = 5T/ pk 6]

A ZT MR EAE, s RETTRE, TRAFEE, p f2HEEK, F 2FHEAH.
P — M N BUR PR SRS A R R AR R A A, — XM EEH AR ZT
. HEEHMBEME ZyT FHRW T -

ZT:(SP—_«vN)zT/[./p]\,k]\,—\/EJ2 (2)

Xf: S, fS, 2508 P RFI N B ZE DL R 80 o, M p,, 205002 P AU N R REBHR .k, Rk 23531
NP BIAIN B SR TRANHRE.
R AV BEIRZE AT B INmBN, HREARLELMHEAL. ST N B P RARIALE, AV IR
ZAUTFFR:
AV =8,, *AT (3)

FH S BRSO ZE DU R, BT Sp— Sy SLHE S M ELR A 24 06] [7].
AR A R (4a)FIAb) AT &1, BAOR ¢ 5 ZT A K. HEEHEEE @ REHIIE P 5RENPMA 0,
Z .
n="P|Q, (4a)

1

T,-T (1+2T,)2 -1

n= TE* e
" (1+z1,)2 +("j
T,

K Ty Too T, 20 SNSRI 5 L YA I3, P RN A AN P Y068 o 2T, S ' E 76 P03 B3
LRI

B BT W, P25 ZT 2 R m A R OGN R, T ZT {32 28 DL 7 R EU(S) SR BN
FHZE[15] [16] [17] [18] [19)5ZE0 M52 o I 22 K B AR B AR s Ak A3 Mk iy ple 2y, — AN
BRI R R MR FEE—ERRD, Fl, ZT>2.0, g FIEH] 20%. PSR E, N E X
BER, BFNHT MR HE. NE T RS AL, DU AT RER IR 97 A EEBEAT RIUSCRI A . A T4F
PN B AL B AT, (R ORI CR, NSRBI Th R, 47 TR Z M 5E[10]
[15][16] [20].
3. R
3.1. RERE

B 1 TR R R R R 2 R R B A L Y A e A RS R 2 AR R . 2
PRI AR 25 AT, W 1), RZE AR R AT I 2 AR i sh 3,

HAY ) HR AR B (TEM)IE 3 2 R S B L, i 1(b)FTar. Beah, B 1(e) Wil 2 R AR &
. B RR NG R, ATIEF] 200°C LA LR, S oA T LK.

(4b)
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Figure 1. The operating principle diagram of a TEPG: (a) schematic diagram of a TE
device composed of P- and N-type TE legs; (b) a typical TEM integrates a large
number of TE devices; (c) the physical diagram of TEPG with an output power of
more than 100-Watt

E 1. BELBIFENTIERER: (a) PN BUABILRERE; (b) HREIHEER
R AERREE; (o) MHBIIEAIA 100 W L AR ZE % B STHE

RZER ARG IRIESKEPR B HRTHR Z f 2 R . ERTHRZ R BRGNS, BETEN SN e R A
BT, AR A R SR o [ R PR 55 T Fl v 02 T MU AR T 2 [ P 3 A, AT £t A
TiERe, PAEREhS . AR AR AL RIRTARE K INAES . KBHIARE . HINRESS
A3 R % i 22 K FE R R B 1 N Al o

3.2. FREIEBRFCIAIAL

AR R B B R IR Y A R D A R M O BB B L SRS R T RS A R
A R B B AR DR A RS (17] (210, BEARUEBIEN R . B SR A R A ICSTEM) 45 F fn 5] 2
oo ZAXES T AR DL R AR R, R R RUIRES T, B ML TR Py i 1. BIE V. WA R
A Oce L, WFARNREE T LLREER: 1) BB EBRE; 2) LV ihg; 3) -V ihk; 4) Jim
SR T

Figure 2. Structural diagram of In-situ characterization station of TEM (ICSTEM)
2. R ER(ICSTEM) ML 15 &
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PR R (R R SO DR B AV A N B A . A SR WU S R BT A AT B
BORITE T B TR z S5 R 51 AR AN AR IR Tl R BE . SR A [ e BRET AR AT LAAE 2
Jr 1) By B, DARAIERARORITA AR 2 T8 RS HET AT E R ZE A 5 oK) o RHURTTIIA DY 16 cm x 16 cm.
TRV H ) TR K BB ) P, BRI Y B AE-80°C~25°C , T #Ai i B d i n A ke B T ik £ 450°C LA
Fo ZERFERAEZIRZEN R,

£Z L&, ICSTEM XA be i it ihilis, (EENT z Bh[22]3ah, SRR T LLSE U7 (i
Wimhe. #ig b, WG QcHHEITEIT:

O, =Sy IT, 3 PR=K(T, ~T,) )

s Spy B DS R EL, T, RHAANNREE, T 2@ URREE, T/RMBIA, RZHI, k2#HEH.
FH 2> 2 (5) P24 FA R RS HUTE YA (RN A O3 P52 A RIS, Rk 21 e KA 2 B

ICSTEM A A RIFAE B RS BN IR, I 58 M I i AL B8 I P AN I AR FAT
R #2214 J8 U = AR A1 4 Fy I BB 0 BHR ) 2 2 28 B BRI . B 2 228 B I R R B
B, WMARFENT 0.01 WM-K. (REJZM 12 23] 20 JZ2A%, TIEMEE AR ERZ, FHRK
mr. —Jim, @REAARSKLININEES), WRIWIHE, 2 2R LK 2151 e S H it I 0 52 e A
AR REE . 5 — 71, A4 FRAREEAC, hIA—@ S, a) BLE 3 PR PR MR 1)
SO, O, oz O AR SR AR ZE M THE 1%L .
3.3. KAEYRERB RS

TR SRS BRI 7T Be il 22 K F IR 3R AT 1 R A Rl SG IR 22 ke FL ) v B8 T R AT
KRV ENA BT 7 R A4 Bh st IR 2 R %, HoO7vEnlE 3 foR. B, Wit T ERHT
HSAAEI R50[23], DAL Z R B R0, R, RIS R EURIAA R IT#T, 7E Solidworks®
BRI @ SE 7241 B, DS RG AL . iR S5, W R A L S B 2 TR ZE K
MRS, JE BRI . 1l 22 K A S A A SR 6 = A FH St R FL = AR ) R AR IR A T A
FRINFRAE T eI 2 SR I H A T o R 22 R IR A S T R TN R B BRIR R 23] F, A
T 1000 2~ B UL FiE B2 7R

SHARB IR 538 E

]

RAURBEIR (REMBNAER)

1

RGiRiT 52
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Figure 3. Design, development and test flow chart of the TEPG unit
E 3. ShEEELBRFRIT FLFNKREZE
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BT BT, SRR R TR R AURZE K R (ATER) N A . IR R iR 2K
BRI “3+27 RIZEH, 3 MARUKFRE 2 EMAETE. K 4)Rn T — MERP TSR E
Ko RBLHSRAE Y HKA AR B R A, RS LR, S 4(b), A AEBBIREAE 3
x 9 B R, RI27 MK, REEATE MRS RGO R R E A EOE SR, AT AL PIT A
Mk W 4P, BREMNEMRN, AR T HITE . PRIAMEERIZ . BB TR
NARFERARER S, WAMRH .

Figure 4. Automobile exhaust TEPG device: (a) dual stack in sandwich
structure; (b) a batch of TEMs configuration; (c) energy harvest unit

B4 RERSBERAREE. (1) WRKEREEHE; (b) BERBIE
RATIE; (o) PREVERIEIRE

4. LERMITiL
4.1. BURF 4T

P LR LA TSR 10)80 R 16] [25]. W& 5(a)FIE] S(b)FTR, PRRib A s
PRI R . & S(a) NI S HIE(V) B, B v #igk, & 5(b) s L Th R (P) 5 B R (V) #i 2%,
B P-v il 2k, X EEHHR LR 0] T — A ARBTERTE = PO AR ZE LR SRR . [ S(a)BoR T -V il 2k,
R TR A B A PR A SR B A S 18] S(b) B PV SRR X2 BN T R YR H Th 2 0 s
iy ThER B Z T g . B S(o) R T B R T R NI B IR R TES/MYIX
B, ThEBEA RERIN. XK R R T 820 20%, X R TEAS [F] (il 22 1 B Hh 285w LA
), hFEMLEFE B AT EREIZIE S, PR, %35 4800 2 12,000 (kg/m)IE 7, L
NFEE, S DR EONFRRE o AW TR E A J1E SIE N 6000 (kg/m®). ThEREE K 1 HIAR AT fE A T
P AL A R BH DL e B e AR ERRT ST 2 () £ 2 B BB S BRI . SRR B AE R K T, T A
B PR e . AR B W] LA D F5 A FARRE, T BRI Ak PR, 9B/ o ST P 25 BRI, . A ER
e R HSCR I R E HORF TR 2, W 5(d)Fis.

4.2. REREFENMAR

VR TV AR ZE K B (ATEH) A 4R . Al T7E 2 P BB D B s 4L R F 7 il
E, ROAERBEGERIFEL, Foa DR ge FAR R B, RIAE TP SN 22 K B[ 101 B e i HY
DN PR R 22 A R A O XU B S5 K B 7T A SNSRI, ] LS ANAE IR 72 K L R G
TAEIARES . G0l A)FoR, O 7 e T B e, LI R R IR T 5 LB .
4() & A RE R E R AR E R BB A ik 40 fs, MEMNLEMTAN, &KL T HTHE.
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Figure 5. Test result diagram: (a) I-V curve; (b) P-V curve; (c) P-F curve; (d) the TE effi-
ciency shows dependence on the temperature differential

5. MRERE. (a) -V BAZk; (b) P-VHIZ; (o) P-F BiZk; (d) REMERSEEXFE
%

<N
s

Contours of Stabc Tempersture (c)

Figure 6. Temperature distribution of thermoelectric modules (3 x 9)

El 6. RERBREDHEQG <9 51%)

AT RN, 4 T — DN XY SPHEEE R, WiE 6 fs. @&ERFF AN, XEH
T A PSR 5 ) SRR B B bt i, 1T FAR A S SRR B . WY y BT SRR O )
T FE LA 5

PRI A A, B SEIR = XHE 22 R R A (ATER) MK, S hFES] 1 kW 315CTH
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Figure 7. P-T diagram
& 7. P-T X ERE

B LR schs =i sh, SRR lIE TAERL, R R N R B R R B AT E B I
Mt SRHNE R 231824 7 R, RSB S NERE vV R, KBRS 4Q20M. BT Bt
FERAMER LR T 1 A2 MRJT, MAERXNEREERZRK T 4 MRTHRERERERES. B
PRSI, GEBIBUATRE T 1000 A BL23]. MR EOR, ARG RARARRRE, O TR R

WER .
43. SPRBFHBRELB

2R 7 R AR e G, 02 FhUA A BHE & 1GR3 T A 4 1 )= 8 . AN 3R
Rt R I A RL . X LA AR AT IA B L H BT T3 bR R T 2% B i I IR OR . R R
A AR TARR VGNP R BUC. £ B AR OL T, ERAE ZT 350 A% 5 .

FFH Matlab™ #AE[257%F P RURT N B4 B ) 355 B B 2 AT AR A AT 3 fk o K P RSB N A
PR IR T R Z 0 R m + 1 Bte W m BRI, KT 1000), )4 E AR i AR A4 Rl 1 ) (2 DL
v RE R SR RE) TN E R, SRR RE . L P B AR (N B S Bt T DA R R
P TTIEREAUATT AR, AR R 0 A ARG B 1 30 AN 1 BB x B, H A RATEL PbggsAgooiLagess 25
Y, G+ DBEIm + DB R T AR BiyTese T, L (i =1,2,3,-+,m) 435 A U A EA0 I i
AR § BRI o BRSO AT I AR (A) A PRt B (Qo) WAL AE, ARG AR AR 5453 21 % BL P A AL
KEE(L,)o B HBAN— DM, A P ARYA AL d X B3 SR BRI . 55 @ 194
ThE&ml DA SCHR 261 AR 7 AR 8. RS n] Audin . @il 8 Fow, WAL T AR 1 2 kg5 1),
DAFE R ZT, B EIBRKMAR SR . BRI R S B K S S B K 02t ml B e A B e B 2]
TR T B R o 2 x AEAR /NI (A R AR R R 20 2 AR IR A RL R Ry, R0 T v AN R R R
R o K BRI AR ) #4 FEE e 7 UL S A & M ) TAEVE B 5 s T R, SRR R, BE S
LA I — AN 95 i FRI — FE

K8 Bon T PRI N BUBGEM R R 5K L) RIS 5, Hi x o Bea e (Bt B db K L R )
AL E . 1 LK YR EIR T FEQ2), (4a, 4b). [F 8(a) N B =FHREE T P BIREE x KR ER &,
K 8(b) A N BURS x BIREOCR, P BUTE 550 CHI VL REN 11.8%, TTE 550 CHT N BU7E R 2k 2R
9.7%. ¥, B x BIFEBNNRABBMKE . X2 RS T T KEMTTHEL
AR BRI S0 IR R B S A 30 (2-4a, 4b).
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Figure 8. The diagram of P-type and N-type material efficiency and length ratio: (a) the P-type efficiency
shows dependence on x; (b) the N-type efficiency depends on x.

[ 8. P BUF0 N R RIESKELL X RE. (a) P EMREERSKELLXR; (b) N BEHRHESKEL
REE

6 R R A R RS T2 1. T8I X B R AT R B, Pride SRR A RER
AR, JF H A R B AT DU TAR R X A . S AR SR 1 . 42U (e
o g R L A R R I B 10.6%, 28 T HNUEK BiTe 2%

W 1 PR, R BRI B EZ 3T Pb-Te MR Bi-Te ARHH . BTN GO P AR N A
HLF Pb-Te JyALAHAIIA RS RL, £ b SRR EVERINBEAT TO0M; XHET Bi-Te NZERAIHGEARL, EAR
IRVEE AT T, PRI N 7 BUA L B JE T Pb-Te PRI Bi-Te 4RI S5 4 75 18 1
IRAEIRHIERAE — i, BNTERRAAE R MR RGW RIS 7 ZTE. & 150 7 HE SR
I AR DXTRLAN & Rt o A e A R AR 2R 8 ZT 1

ot I

Table 1. The variation law of ZT value of different materials with temperature. (P1-PbTe: Pbgg4Sr(04Nag g, Te, N1-PbTe:
Pbg 94Ago.01 LagsTe, P2-BiTe: Big sSby sTes, N2-BiTe: Bi,Te;)

= 1. FEME ZT ERERER T LA EP1-PbTe: PbyosSrouNagpTe, N1-PbTe: PbgosAgy o LagesTe, P2-BiTe:
Bi0_5Sb1_5Te3, N2-BiTe: BizTe3)

T(K) ZT T(K) ZT
P-PbTe N-PbTe
321 0.17 320 0.18
422 048 420 039
522 1.13 524 0.71
622 1.76 620 1.09
722 1.86 726 1.44
822 2.12 824 1.51
922 2.05 924 1.41
P-BiTe N-BiTe
327 0.88 326 0.83
379 0.95 337 0.94
431 091 423 L11
482 0.72 524 0.92
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A3 B A AR R 2 L T BiTe A1 PbTe FIAR HLAPRIZH Ao 8 ik S5 00 50 R 3 1 24 2 5) 1 7 B o
B, A9 0 BB R .

TSR E AR S, MBI RGBT T 5. ARATT A B I 0 A DGR VAR AL, T
PRS2 AT BOR (27 5 m il 22 X . SE v R R i . S ) FAv e i ) AR S5 e

2RI 7R B RGESE = R G R AR T RS W S50 () A 4k S I FA AR
R, Be b, 2 ZT > 2.0 IR 22 K B B A HG I AT e SR RS R R ML S [27]

ZT SR EFER . FRREL 2000 REBEETEREA G, 4y BE AR IR A I #i st kL ZT 18
FIF4 1 H . BT PbTe BIFEA R i B2 TAEIX E] N 573 K 2 873 K, Mt P AU #h B p (SR H
259 1.5~2.1, N2 0.9~1.4. BT BiTe KA EHRIE T/EX N =R 573 K, ot P AR #vi
AETERIZ94 0.7~0.9, N 4K 0.8~1.1. #i5 ZT RS E S & 51 Z IR A BT F[15] [20] [26]
[28].

5. R4

W FE I B T B AR B TH AR B, 8 S8 & Pt ] R A R B EL TS 10% B L 934 B 2L
By SRR E R, RORIE 19%. ASCH BT T 2 M 22 R FAGES B B R B ALY R H S
W R HAH L RTT %, BURTBOE T R Th R A RS DEAGRAS T 1 kW BLERIE R DR AT IE Sk
= B DA Se R B SR AL I AR, ARG ORI B R R L LV 2. P-v IR, ST
RGN . BT FUE IR IR T — BB B AU SRR . B AT BT ST AT
THHSRAG R RCR L SRTHAEAE E DR
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