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Fig. 1. (a) Structure diagram of TRDs and (b) energy band
diagram of a single TRD!.
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Fig. 2. Curves of the (a) automotive exhaust temperature; (b) TRD hot-side temperature; (c) TRD cold-side temperature; (d) ambi-

ent air temperature with unit number j.
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Fig. 3. The curves of the (a) electrical current and total power output, (b) total output heat flow and efficiency varying with the

total output voltage.

020805-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 2 (2026)

020805

AL T EE I TR T X[
‘/P < ‘/total < Vna (11)

Ir] < Itotal < IP~ (12)

Wk 3(b) BTG TR, RS Pow BE
R o WEL R IG5 20K TED AL
LTI RN ZE [17]. TR BIIRFM TR RS
R np BUR, MRPERCRANT T B BIIR P, dAg
%, RUURGI R EBCRZ AAFAERBR R 1%
2R SRR IX BUR B T 3 AT R[] A 5 A4 X )

Pn < Ptotal < Popta (13)

P < Total < Nopts (14)
XA T 3 5 BRI AR AE AR R AE. (13) =X
1 (14) T FE I, BRI G RPR X BT A4 11
PALIE, R G146 B P P SCR T R 5RO I
SR, RO R G817 T LR Rk IX TR, AHR Y
LR Viotal S5 HLIL Toorr 77 Z9RAE (11) 200 (12) 20T
NN, E—2Hh, RGN qow BIIEIEIX
W (15) g

Grotal,n < Grotal < Gtotal,p- (15)

40.40

10.24

75

25 F

Eg/eV

Z10.32 3

3.3 FEMERETRSEEENRT

TRD F Gt i L Bt REAEAR AR 1 Bk
TR FUA B E,. [ 4(a) BR T R Rk
NFBEPE P FIFARSSR 0, B BUE LAY INZL
& 4(b)—(d) 535045 th T 2 S B AR
ZRMER, TR R | H U R R EA  RE Bl BR 1Y)
A FR, H R KRR T R G ARG
BHE B TAE X T0]. ML 4(a) W LI H ) BE 2 B
E, W3R, R RERE P, S5 ETHE TRE,
FEFAEHBR Eyp = 0.06 eV ALK KA Py =
170.45 W. iZARAAT 0 25 2 5 o F TR 0 2% 5 Tl
BRI AR OC: Qi 4(b) iR, 78RRt
DR T XA B B, 31K R BT 5 R
IR AR v R e TR R B B, 3 KRS T R
FOU B R R, AN 4(c) BTOR. BB B,
K, TRD X Refait R & i T B, BOGF, 1Bt
ik R BEE T LA, FERREE JRET
R, M BRI 1 4 D VA I s A 4 A 2 4y
TR KO, HLH 02 B 1) 2 A 2 R A I 29 1)
e EBHER, W ER R ALY R s &
1 (APyoar/d Vigrar = 0), FRGE T BEAR T AE HLE LD

(b) 16
[] Optimal region
- Ve
T
s
4 L
0 Eg.P ; Eg,Z X
0 0.1 0.2 0.3
E,/eV
(d) 1200
[] Optimal region
- ~ =~ Qtotal, P
900 F N N — Qtotal,n
3
= 600
o
S
300 | R
0
0 0.3

Ey/eV

B4 (a) Rl A D A AR B BRI AL s (b) B, (o) HLWEAN (d) FAURREA B AS 0 1 £k

Fig. 4. Optimization curves of (a) local optimal power and efficiency, along with the corresponding optimized (b) voltage,

(c) current density, and (d) heat flux density versus band-gap.
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Optimization of energy conversion performance of automotive
exhaust-driven thermoradiative devices”
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Abstract

A multi-unit thermoradiative device (TRD) is used for automotive exhaust waste heat recovery in this
study. A coupled model integrating radiative heat transfer, current-voltage characteristics, and fluid heat
exchange is established. Based on Fourier’s law of heat conduction and thermal radiative transfer theory, the
energy constraint equations, total power output, and conversion efficiency of the system are derived. The
variations of exhaust gas temperature, TRD operating temperature, and ambient temperature with unit number
are obtained through numerical simulations, thereby revealing the regulation mechanisms of voltage and
semiconductor bandgap on energy conversion performance. Results show that the temperatures of the exhaust
gas and the hot side of the TRD decrease with the increase of unit number and also decreases with the increase
of current at the same unit position. In contrast, the cold side of the TRD and the ambient temperature rise
due to heat accumulation and cascading heating effects, and further increase with current rising, reflecting the
coupling between electrical output and thermal processes. Increasing the voltage suppresses radiative
recombination, leading to reduced current, while the electrical power reaches a maximum at a specific operating
point. The total heat flux is reduced as voltage increases. Because of the nonlinear relationship between
electrical power and heat flux, efficiency attains an optimum value at a specific voltage, achieving a balance
between electrical output and heat dissipation. This study demonstrates that the locally optimal power reaches
a global maximum value of 170.45 W at a bandgap of 0.06 eV, whereas the locally optimal efficiency increases
monotonically with the increase of bandgap before saturating gradually. To address the inherent trade-off
between power and efficiency, a target function Z defined as the product of locally optimal power and efficiency
is introduced. Numerical analysis reveals that Z attains its maximum value of 49.74 W at a bandgap of
0.105 eV, effectively balancing the competing objectives of power output and energy conversion efficiency. This

study provides a new method for optimizing the performance of thermoelectric systems.

Keywords: thermoradiative devices, waste heat recovery, energy conversion, semiconductor band-gap,

electrical-thermal coupling

DOI: 10.7498/aps.75.20251272 CSTR: 32037.14.aps.75.20251272

* Project supported by the National Natural Science Foundation of China (Grant No. 12364008), the China Postdoctoral
Science Foundation (Grant No. 2022MD713719), the Natural Science Foundation of Chongging, China (Grant No.
CSTB2024NSCQ-MSX0126),
Commission, China (Grant No. KJQN202201102).

1 Corresponding author. E-mail: liaotianjunxmu@hotmail.com

and the Science and Technology Research Program of Chongging Municipal Education

020805-11


http://doi.org/10.7498/aps.75.20251272
https://cstr.cn/32037.14.aps.75.20251272
mailto:liaotianjunxmu@hotmail.com
mailto:liaotianjunxmu@hotmail.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 理论模型
	3 分析与讨论
	3.1 系统的热性能
	3.2 系统局域优化转换性能
	3.3 半导体带隙对系统性能的影响
	3.4 不可逆因素对系统性能的影响

	4 结论与展望
	4.1 结　论
	4.2 展　望

	参考文献

