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Thermal radiation recovery for industrial waste heat
e R S SN S M
Rei-Cheng Juang, Bing-Hung Chang, Tien-Yuan Li, Yu-Li Lin
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Green Energy & Environment Research Laboratories, Industrial Technology Research

Institute

#&
AFAL ERABATIOPBIITS SREFIFSE AL FAE B E S
HFo R EBISE KRR B R BEARIr R E WS R 2 A8

fer F3F SRR enflar ¢ BRI AR R L A k- BTG &iehi2
Kede 2 1% > af TG EZ ISR R - BR > Fi BB - BERSER
Bt BRI RASNEST T RCEERAR DERS G IR E
i R AL T T RN A Ao A AR E a1 £ WA B
15 M BB RS R M AR R E v T ke KRR 0 F 51 R R
T ot5s B 7 i 2~20 KW/mM® > <3t 2 1 el @ = pheng X 55 B 1 kKW/IMP - @ @ 3%
S FRARL 2R GER 3R FRF T U iR R 4 o

MatF @ 1 ERG S dssd kR RE

Abstract
The recovery of industrial waste heat has established for many years and gained
a lot of outstanding efforts. However, there are some factories still released the waste
radiation heat during the high temperature operation and without adaptive measures
for the waste radiation heat. Actually, the radiation heat can be collected by a thermal
absorber coatings and transfer into the high grade thermal energy or electricity
without contacting the products during the operation. This article focused on the

analysis of thermal radiation intensities in a variety of industrial operations and
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discussed the recovery possibilities. In the real cases of industrial process, the
radiation intensity reache 2 to 20 kW/m? which are depended on distance and
temperature of heat source. Therefore, the industrial thermal radiation intensity is
larger than solar thermal flux as well as few times at most cases. To recover the

thermal radiation will benefits the factories and economy.

Keywords: Industrial thermal radiation, Steel casting, Cement rotary kilns
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Effect of different ball to powder ratio on the microstructures and thermoelectric
properties of Big4Sb;sTes sintered alloys
gzl kv 22
Chien-Hsuan Yeh, Yu-Li Lin, Yan-Ru Chen
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Green Energy and Environment Research Laboratories, Industrial Technology
Research Institute, Hsinchu, Taiwan
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Department of Materials Engineering, Ming Chi University of Technology, New
Taipei City, Taiwan
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Abstract
Bismuth antimony telluride (BixSh,.xTes) is the low temperature thermoelectric
material with the excellent thermoelectric properties because of high electrical
conductivity and low thermal conductivity. Alloy melting, ball milling and spark
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plasma sintering were used to prepare the nanostructure Big4Sh1¢Tes thermoelectric
materials in this study. Effect of the ball to powder ratio on the microstructures and
thermoelectric properties of Bio4SbisTes alloys were investigated at temperature
from 300 K to 500 K. The XRD results show the phase structure of all sintered alloys
was the BixSb,.xTes single phase and no second phase was observed. The sintered
alloys exhibited the considerably dense structure with the fine laminar grains. The
electrical conductivity decreased and Seebeck coefficient increased with the ball to
powder ratio. The low thermal conductivity was about 1.00 W/m-K resulted from the
nano-precipitations and small holes inside the microstructure. As the results, higher
ZT value was obtained for Bio4Sb1sTes alloys with a maximum ZT value of 1.19 at
350 K.

Keywords: bismuth antimony telluride, ball to powder ratio, thermal conductivity,

microstructures, thermoelectric properties
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Abstract

To solve the problem of petroleum shortage and enviorment pollution, the most
popular green energy research is solar energy, wind power generator, and tidal energy;,
etc. On the other hand, the waste heat emitted by factories and vehicles can not be
properly. This paper demonstrates the application and development of thermoelectric
generation system in diffierent situation. According to some recent papers,
thermoelectric transform rate is about 10%, and the generation system of it is even

lower. Althrough it is true, the value of thermoelectric generation is based on the total

liﬁmﬂi&%hﬁ% ST AT BAF TR
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amount of power, and the irreplaceable in special condition. For instance, the
generator in Kusatsu Hot Spring, run by Toshiba Corp., has become a back-up power
source in neighbor area. BMW use vehicle waste heat harvest system to enhance fuel
efficiency. Space Venturing Program also uses it as an irreplaceable power source

when spacecrafts travel to the other planet.

Keywords: thermoelectric generation ~solar energy ~ waste heat recycle ~transform

efficiency ~ space program
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Simulation and experiment of power capacity in thermoelectric generator
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Abstract

The study uses simulation and experiment to investigate the power capacity
of thermoelectric generator modules. The result shows that the power capacity
increases with reducing the leg height. Compare with the results of simulation and
packaging test, they have the same trend. However, the ratio of power capacity
increases with leg height reduce in packaging test is smaller than them in simulation.
In the packaging test, the main reason is that the heat loss between the top and bottom
substrate is more serious in the shorter the legs. In addition, the shorter legs have the
lower temperature difference that influence by the substrate at the same temperature
difference between two ends of the module.

Keywords: Thermoelectric module, Power capacity, Leg height
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Application of small power LED on the internal combustion engine to reduce
pollution and save energy
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Abstract

With the world's increasing emphasis on global warming and climate
change, energy conservation and carbon reduction has become a major issue for all
mankind life and economic development must always be concerned about.Within all
possible ways of saving energy and reducing carbon, light-emitting diodes in addition
to applications in lighting and with the preliminary effects, the researchers abroad
committed to other direction efforts, such as applied it into the internal combustion
engine.

This paper described the reasons for why this technology can
enhance the internal combustion engine combustion efficiency, reduce pollution
emissions and save fuel, and hope to be the reference for those who are interest this
topic.

Keyword: light emitting diode, internal combustion engine, ozone
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Effect of Jet Fan Location on Smoke Structure in Tunnel

NS A S L SRR SR
C.L. Chang, H.Y. Chu, K. Na, J.C. Leong
PG SE -GN G R
Vehicle Engineering Department, National Pingtung University of Science and

Technology

#F&
A2 3 BT K,?,} i B qﬂ%i \ ,\*3_%&7 ,g:rm 1l {T L P 19“%;5,’3:_#’;,;‘ %
?i%%°§%ﬁﬁﬁi*%% BT AW EA R A PR g 4 AR
Wiew e Tt LB BRE > R FIET R AR RS A i R o

‘&%

1‘1‘»
/1‘31

23 Bl e b d A fenon i ek TR G dxfs_:}ﬁi}q.\,?")»‘ ¥ eh
BBEF FEERIGE N FEHANEE B B e R P
TR AN F AV P ATV B AR 87 i 2 B0 R T iR 84
hfitd ¢ I AE S > THTEAP A LAg i b ERT 0 RF G
PUEA AR ELBURT MRS DR A B A RPN
Mers P He N b B R IR P E RS B2

Abstract.

This work simulates a fire in a longitudinally ventilated short tunnel to serve as
a reference design for future tunnel smoke control system. When a fire breaks out in a
tunnel, smoke is one of the key factors preventing effective evacuation leading to
serious casualty. It is more deadly than a fire because it reduces the visibility in the
tunnel slowing down the speed of evacuation and causing confusion in the direction
of evacuation. Moreover, excessive smoke inhalation may cause the people be in a
coma. Current simulation studies the effectiveness of discharging the high
temperature toxic smoke from the tunnel through the activation of different jet fan

units. It was found that the jet fan units upstream of the spot of fire should not be

‘R B F SR B
SHz B L AH A R Rk 0 42 > email: jeleong@npust.edu.tw
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totally activated. This is because the upstream jet fans may produce too much
momentum resulting in an excessive tilted column of smoke. This eventually causes
the smoke layer downstream of the fire to be chaotic. At an appropriate ventilation
rate, a proper fire plume angle can be maintained. This avoid the destruction of the
smoke structure downstream of the fire and thus more favorable to personnel
evacuation and fire fighting.

Keywords: longitudinal ventilation, short tunnel, jet fan, smoke flow, computational
fluid dynamics
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Influence of Hydrogen-Rich Fuel Gas on Furnace Efficiency
P G
Chien-Li Lee, YChih-Ju G. Jou
"Wz 3 2% - PHAELFRETEFEFAT Y <
ZWi¥—ﬁﬁ*§%ﬁﬁiiﬁilﬁ&
! Research and Development Center for Water Resource and Conservation, National
Kaohsiung First University of Science and Technology
2 Department of Safety, Health and Environmental Engineering, National Kaohsiung
First University of Science and Technology

#&

AP E T AT (e e PR A L 2§ & kg (tail
gas) i HRBHEN A BRI RF R FER/T TEGRR S 2 0B
Yp it TILBF R o B % BT 0 V4G E & (flamelength) 2 £ ¢ PP & R g FFGie »
(xR F )Y *ﬁ F o sem P OEEE 1L B AN U5 & 2 1800 °C > H thermal
NOyZ_Bg ) 4]0 § 5 it 42, £ T 325 40 36.8ppm> = § “ i c g & &
T 3w b 35 x 10° tons 0 5 & % 534 %z TaW &4 58 x 10° miyrx &
FFE TF P FHIBEF AT IIEL - AVRER Tﬁf AT E I
BT E AR VORI A Z G oM F LR E .

BAET T HERF B 2 F YR

Abstract
The hydrogen-rich tail gas (FG) emitted from petrochemical operations (e.g.
catalytic reforming unit and catalytic cracking unit) was recovered and reused as a
supplementary fuel. It was slowly added to the fuel stream of a furnace to replace
natural gas gradually for powering a full-scale distillation process. The results show
that both the flame length and orange-yellowish brightness decrease with more

proportion of FG in the natural gas. However, the adiabatic temperature is greater than

R S §Lp@#aa% By w o LT R
PRS- PHAEREEF 2L IR, PRKRICKTFRY vdE
E-mail:george@ccms.nkfust.edu.tw



1800 °C. With natural gas replaced by FG, 5.8 x 10° m® natural gas can be saved
annually. Because the thermal NOy is the dominant formation mechanism, NOy
increases 36.8 ppmv in the emission and CO, is reduced by 3.5 x 10 tons annually or
53.4% reduction. Recovering and reusing the hydrogen-rich waste fuel gas as
natural gas supplement will achieve tremendous savings of natural gas usage and
effectively lower the emission of carbon dioxide.

Keyword: Hydrogen-Rich Fuel Gas; Furnace; Carbon Dioxide
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FLRIRE S AR B S BR e 6 s RVERw - & R
FLRABER EFREG ULIBEE F-RREEYZIIBRFEELL
3] % #f v 2 = (Multi-Port Burner)[16] > F 3B RK & 7 & Bl4o® 1 977 o i@ #
2Rk p e Ao e AR AL 2 FE 0 H TR
H, = 60.2 mole% ~ CH; = 12.1 mole% ~ C,Hg = 9.4 mole% ~ C,H4 = 0.4 mole% -~
CsHg = 7.0 mole% ~ C3Hg = 0.2 mole% ~ n-C," = 1.8 mole% ~ i-C4* = 1.9 mole% -
i-Cs* = 0.8 mole%~n-Cs* = 0.4 and n-C" = 0.8 mole% % = = ~ 44 & 6,700 kcal/m®

22 &> E

i N ERp B PIES 4] % SL(Automatic Combustion Control, ACC) © 12 4 #t
Pt ROTAZ A v R R TE S ORALE e R YRR B4 nE R FGING 4e vt
ZF % 0:100 (pure NG), 20:80, 40:60, 60:40, 80:20 and 100:0 (pure FG) ° “Eif 4 47
MR RS ARG p # TRk $i(continuing emission monitor system, CEMS,
E.S.A, MIR 900)it (7 4 F TPl A 47 » £ | € Bhpp H AR 5 5.9% -~ 2 13
REL B FRFLEZR2C -EEF TR AL ITREF T - > R EE
=% & wlik g, CO & A704.03C, NOy i NIEA A411.72C, O, i NIEA A442.70C,
CO; = NIEA A415.70A.
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Flue gas

f
L

Flue gas

Fluid input
—*Fluid output
Furnace :
......... :
M TIC
FICA :
RG :
FICB
NG é% v
FO

1.D FAN
Bl 1. 4 f’?“{% g

I RERRFEES

3.1 ,Tﬁ FGH -\ %535 & (flame appearance) 2_ % 38

e enle = = 5L 453 i (Flame appearance) ¢ 3 & < 2 2[12, 13] - 7 e
FG i » R 284 Wesple » BB lisgmd i > d B 2 2% &7 0 VgL A (flame
length)2 % ¢ P R AN F FG & » (< 2R 5 )7 ,f]\éc T P Ao @ PR R

ok

P2 Fh e CIH 808 M2 % o v NG BELVIGR I 2 EF ¢ - 253
FREP FLERBINERERE > M AITREBRRH S ES Vi a2t P BB %
BRERLD AEE VG 275 A UG E FRER B AT (s00t)A 2 ~ &K
% % i (soot formation, growth and oxidation) - & %t 5 % 50-50% FG-NG & &
Prod bl e @ ZEAFHEM AR VB - BES BB EREY
HLUBEREIPRARIRP RS » B FGYELVIBRIRES » @ VHERN
VG FR g H - B S o
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(b) (d)

Bl 2 Xlagpd i (a) NG; (b) 40-60% NG -FG; (c) 20-80% NG -FG; (d) FG

3.2 F4FGHNO, 2 3 2 B

BLE T E PR E PR NOKT) = 7 U EF F] A @ 1t 6 4 42 K > Zthermal

NOy % prompt NOy - thermal NOxE_ %5 d % BFIN, B Bif i v 25 [4, 5] >

Prompt NO,##¥ # **rich combustion® ¢ > (5d it 5 ¢ B EHCNA 2 » & HCNAL
%op oAt pEE WHRE A 2B AT A 4 HCH [7, 10, 14-17].

dHFGHALY & 5 7 BEHHHE B8R VIER L3 1800°C ¢ - xFG
PE R RS GFCREL G HA VIEER o §F 2B B FFENO & iR E
#] % Thermal-Zeldovich " sg i% o

BF PFGH AR AR A MEH RS P L F TR A VR A
PN G RER > FlA EAH VG R RPER NS VST R A EHR
*thermal NOLj+ £ 42 % - BEARFFGR & B %Y & § 3 EH 4 5K

vl e 2 CHIE R » MCHE & € #73,  HCNE 5 # i<k & > "% MPrompt NO, 2 =

ek

v e B S g FHANOLE A 3 A7 &% 0 BRI NOKT, =& & &3 4e o d
3 5% 57 SNGHERENO,) % £ 22.0~23.0 ppm > § FGif %t 5 20%3 NOX
A& & %% 3| 325~35.0 ppm > FGif+c £ d #& = I 60%  NOX™j # £ # 3 7
42.3~42.9 ppm > £FG% 2 B~ XNG* £ > NO, 7 % £ # 4 1 58.9~59.6 ppm ]

$FGz > B NG » NO, ;% £ T 355 4 36.8 ppm o
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40 A

NOx (ppmv)

30 -

20 T T . : : .
0:100 20:80 4060 6040 80:20 100:0
inlet FG/NG ratio
@3FG/NG,T4HL: BINO, 4 282 B 4

3.3 ;,9F4\: FGHi&FI 2 1§2§3
dFG A Y & F FEAPY R J 30-80mole %7 F o 4 F 2 A AL
w7 R a3t (1) and (2):

H, + 1/20, — H,0(g) + 57.6 kcal/mol

1)
C+0,; — COy(g) +97.0 kcal/mol 2
Ao:ﬁ(O.SHZ +2CH, +3C,H, +3.5C,H, +5C,H; +6.5C,H,, ) (3)

3 FA(L) and (QF i F % 2R % 05 moel O 0 @ Cx 24T 1

@

moel Oy » EqQ (3)3* ENG T Z ®#% % 7 £ 5 10.4 (NmY) » & FG*73 2. 2%
24 %5 65Nm .

DBl 4 55T EHZFEEY FC e T RpHEFLF 0 ¥
NG #4er 415 § £ 26-2.7 Vol. % > § FG 7+ £ 5 40%:E 415 # £ 4 +c 1)
3.16~3.18 Vol. % » FG 7 e £ # = 1 80%:f 1% § £+« 1] 3.67~3.68 Vol. %
FFCR2PANG* £ AlEHF 5 5 £H 45 4.28-436V0l. % §iEE 5 7 &
P FIE BREBPAF RIER ST Y S RBREH R LERTE 0 A
%%%@ﬁﬁﬂm’” PO BB 5§00 5 ¢ R FH S BRI A 7
b LR

1'-‘\
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Vo F R (D)@ rHax 2 A 2 K 0 FIFGRUEGS 4 4 SRSk
S IUAER e T FE RS G B AR 2 MOV H[10] 0 ¥ R F
FEERAeP I BRRERR (i B VGERPHA RS
POEE R R iR g R [12] 0 Fl@ L e B U R 1R R
EAPHE M R VST AR A 0 A L K

l
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7 F
o

i

. B > # % 7 adiabatic flame
temperature o

B 54777 5 FGING e F st se a2 TR o f WIS % 7 &R
R EF FG i BH{4 R T HARE > B NG YR okt 4
91.4%: § FG e £ 5 40%q e o T 31 912%  FG i+ £ 4 £ 1 80%
teBYE e F T EF909% 0 F FG 2 2Bk NG * £ » P 4c#u g ™ ' 5] 90.7
%o FU I FGE i X R X LA RBFETR-HAEZF 220 R o

FoLr B2 AERG BT B2 2
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efficiency (%)

90.8 A
|

906 1 1 1 1 1
0:100 20:80 4060 6040 80:20 100:0
inlet FG/NG ratio

B 5 FG/NG 7 deib e fig e 2 B TR

T~ B

AT e N3 B R Z4F Yt (hydrogen-rich tail gas, FG) * & Bk X
RERF R FERYFAUSERS Y 2 A RBRFRGT R o J BFGYE
¥ 2 7 & 30~80 mole % (L 35 60%) » * & & A& (flamelength) 2 ¥ % & P & B 'E
FRGE » P (R B F )7 it A4 @ P AT 4 o @ thermal NOXEL B4 4] =
Wl BRAT o FF LN R TN 4 36.8ppm s = § L g R TiaE &
TR 3.5x 10*tons &b F 5 534 %% L7 &4 58 x 10°mUyrx K F i@
B Pl E AT F AR L - ERE R LAV E R R

GEARE TRV A AZ § oot Mo § g .
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