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THE STUDY ON APPLICATION
OF THE SEEBECK EFFECT TO THE ENERGY RECOVERY
FROM EXHAUST GAS BY THERMO-ELECTRIC GENERATOR
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TOM TAT

Theo wéc tinh, khodng 40% nang lwong tiv quda trinh chdy trong buéng dot cia dong co dot
trong phat thai ra méi truong bén ngodi dwéi dang nhiét ndng cia khéi thdi. Piéu nay cé
nghfa la co 161 40% heong nhién liéu hoa thach duwoc dot chay hdang ngay chi thai nhiét ra
bau khéng khi, lam 6 nhiém moz truwong. Bai bao trinh bay phwong phap ng dung hiéu ung
Seebeck, chuyén déi truec tiép nhiét nang khoi thai thanh dién ndng cung cdp cho cdc phu
tai dién trén 6 t6. Két qua nghién cuu gop phan giam tiéu hao nhién liéu, giam 6 nhiém mai
trieong va chéng lai s dm 1én toan cau.

Tir khéa: Nhiét phdt thdi, hiéu irng Seebeck, déng co dot trong

ABSTRACT

According to the most recent estimates, the internal combustion engine has lost around 40%
of energy in the form of emission heat. On average, 40% of fossil fuels are burned daily
Jjust wasted heat into the environment. This paper presents the application of the See beck
effect to recover energy through thermo-electric generator from internal combustion engine
emissions. This thermo-electric generator will provide the additional electrical power in
automobile to supply electrical loads, thereby, reducing the fuel consumption, emission and
global warming.
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I. PAT VAN PE phat dién tr& nén cdp bach duoc nhiéu ca
nhan va t6 chirc nghién ctru. Nghién ctru nay
ung dung hi€u Uing Seebeck vao may phat
kiéu nhiét dién chuyén d6i truc tiép nhiét
nang tir khoi thai thanh dién ning cung cap

Ngay nay, mic du cong nghé ché tao va diéu
khién dong co dot trong da dat t6i mirc toi
wu. Nhung vi dic thu riéng nén hiéu suét
dong co van con thap va chi dat khoang tir JOL ,
25% dén 35%. Mot luong nhiét 16n chiém i~ €ho hé thong dién 6 t6 nho cée m6 dun nhiét
35% dén 40% duoc phat thai qua duong bng d%etn. ACécA thong S,G duoc Xéchmh va dén}l
xa [1]. Pay 1a mot lugng ton hao nhién ligu 814 trén dong co xang 5S-FE cua Toyota. Két
rat 16n ma hang ngay cac phuong tién giao 942 ng}nen cuu se la}Adong £0p quan trong
thong thai ra lam 6 nhidm méi truong va la  trong linh vue tiét kiém nhién licu, giam 6
mot trong nhitng tic nhan gay bién doi khi ~1hiém moi truong cho cdc phuong tién giao
hau. Bén canh d6, cac phu tai dién trén 6t thOng. ‘

cang ngay cang nhicu va doi hoi ty 1¢ nhién  NOi dung nghién ctru bao gom:

liéu chuyén thanh dién ning ngdy cang ting. - Nghién ctru kha nang Gng dung hi¢u Gng
Chinh vi vay, van dé thu hoi nhiét thai d&&  Seebeck thu hdi nhiét khoi thai.
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- Banh gia mtrc d§ giam phat thai nhiét trén
dong co xang khi lap dat hé thong thu hoi.

II. Tinh toan xac dinh cac théng sb co
ban.

1. M6 hinh module nhiét dién TEG
Module nhiét dién TEG (Thermoelectric
Generator) 1a thiét bi chuyén doi nhiét ning
thanh dién nang dya vao do chénh 1éch nhiét
do giita hai mat trao d6i nhiét. Qua trinh trao
d6i nhiét trong TEG dién ra kha phuc tap
va tuan theo nhiéu hi¢u tng khac nhau. Tuy
nhién, néu xét vé khia canh nhiét dién c6 thé
chon mo6 hinh nhu hinh 1 [2].

Hinh 1: M6 hinh module TEG.

Trong do: T, [K] la nhi€t d0 mat nong, T’ [K]
la nhi¢t do mat lanh, U [V] la dién ap phat
ra theo hi€u ung Seebeck E [V]la suat dién
dong phatra cua TEG, R, [Q] la dién tré trong
cua TEG, U, [V] 1a dién ap ngd ra cua TEG,
I, [A] la dong dién qua tai, R, [Q] la dién trG
tai. Tt mo hinh trén ta cé cac phuong trinh
cua TEG nhu sau.

U =ST-T)=SAT=E (1)
_ E, _ SAT , _ E, __ SAT
L™ p+r; Ri+RL L Ri4R;  Ri4R )
SAT
U= I,R=E; ~ I.R = SAT - 27 -.R,
SAT
Ri+Rp 3)
_ _ R; start
Pi=4.U = ( R[+RL)'R[+RL L
_ _ R start
P, =1,.U, = (1 R[+RL].R[+RL R, (4

Trong d6: AT [°K] 1a 6 chénh léch nhiét do

giita hai mit trao d6i nhiét, S1a hé s6 Seebeck
ctia vat liéu ban dan, P [W]1a cong suét dau
ra cua TEG. Tir mo h1nh trén ta thdy: mudn
xac dinh dién ap va cong sut phat ra cia
mAay phat nhiét dién ching ta can xac dinh
nhiét do hai bé mit trao doi nhiét 7, va T
cua TEG.

2. X4c dinh nhiét lwgng thu hdi

Nhiét phat thai trong thi xa ctia dong co d6t
trong ban chat 12 nhiét du thira ciia qua trinh
chdy gian n¢. San vat chay lic nay co6 nhiét
do kha cao va khi di qua bd thu nhiét, nhiét
do sé bi giam. Nhiét lugng thu dugc ¢ bod
thu, xét trong mot chu trinh (C7) dugc xac
dinh qua cong thure sau.

q= m/(kf_a/lﬂ)_lr;” c?,de;? C,dT (5)

Trong d6: q[kJ/CT] - nhiét lugng thu hoi, C,
[kJ/kg°K] - nhiét dung riéng khi xa di qua bo
thu 1a mgt ham so theo nhiét do T, m [kg] la
khéi lugng nhién liéu, k la ty 1¢ kh01 luong
khong khi nhién li¢u tleu chuén, TvaT [°K]
la nhlet dd khi x4 vao va ra b thu h01 Ala
hé sb du lugng khong khi.

Trong cong thic (5), &, 1a thong sb tuy
thudc vao loai nhién 11eu duoc sur dung. Voi
nhién li¢u xang k, = 14,7. H¢ s6 A dugc xac
dmh nhd vao cam bién A/F dat trén duong
6ng thai dong co, m - xac dinh thong qua luu
lugng va thoi gian md kim phun. Dong co
5S-FE lam thi nghiém st dung kim phun c6
thong s dugc xac dinh qua cong thic [5]:

— -6
m,=2214.10° (6)

Trong do: ¢ [ms] - thoi gian m¢ kim phun
dugc xéc dlnh tryc tiép khi dong co hoat
dong.

CP - thanh phén rat kho xac dinh. Gia ‘Eri cua
CP phu thudc vao nhiét d6 va thanh phan cua
khoi thai. Tuy nhién véi dong co xdng hi¢n
dai c6 su kiém soat ty 1¢ hoa khi, ta xem ty
1€ hoa khi dat xoay quanh tiéu chuén 14,7 va
khi xa bao gdm cac thanh phan nhu hinh 2.
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approx. 14%

approx. 71% 230_005

Hinh 2: Thanh phan khi xa dong co xang[4].

Thanh phan khac & diy bao gdm CO, NO,,
HC véi luong CO chiém ty 1¢ trén 80% nén
ta xem toan bd 1a CO. Véi thanh phan nay,
nhiét dung riéng khdi luong dang ap khi xa
duoc xac dinh theo cong thurc sau.
C,=1,105- 0,099.10°T +0,586.10° T -
0,270.10°7°+0,002.10"2.7’* (7)

III. Thi nghiém thu thap dit liéu
1. Thi nghiém xac dinh théng s6 TEG

Dé tién hanh thi nghiém may phat nhiét dién,
b6 trao doi nhiét dugc thiét ké dat trén duong
ong xa thay thé dng pd phu trén xe. Dong
nhiét tir khi xa dong co dugc hip thy khi di
qua bd thu nhiét va dua té1 mat nong may
phat nhiét dién. Mt lanh ciia may phat nhiét
dién duoc gai nhiét nho bo 1am mat kiéu dbi
luu cudng bic véi dong gié 1am mat dugce
tao ra khi xe chay. Mdy phat nhiét dién dugc
thiét kéva ché tao nhu hinh 3.

31

Hinh 3: Mdy phdt nhiét dién: a-Hinh thiét ké,
b-Mat cat ngang, c-Bé mat trao doi nhi¢t, d-
Hinh chup may phat dién.

Trong may phat nhiét dién, module nhiét
dién duoc ghép ndi doc theo chiéu dai caa
bd thu nhiét nhu hinh 4-¢ dé tranh tinh trang
phan bd khong déng déu cua nhiét 46 doc
theo chiéu dai bd thu tao su khac biét gilra
cac bo chuyén d6i. Mdi bo TEG goém 500
cdp P-N mic ndi tiép. Thi nghiém tién hanh
trén dong co 5S-FE chay khong tai, thay doi
nhiét 46 bang cach thay doi sé vong quay
dong co. So dd bé tri thi nghiém nhu hinh
hinh 4.

.| Hién thj cdc thong
s6 bj thi nghi¢m

Thiét bj do
Bi tan nhigty, _} vantée
va nhi¢t dj gio

Miit trao
dbi nhigt ~ 1 o
~ — — _ Ciam bién

. do nhiét d

Dong khéi vao

Hinh 4: Thi nghi¢m thu thap dir liu may phat
nhiét dién.
Dir li¢u thu thap tir thi nghiém duoc trinh
bay tom lugc trong Bang 1.

Bang 1: Dir liéu thi nghiém xdc dinh

thong s6 TEG
Th[’C] | Te[°)C] | Th-Te | U/[V] | I [mA]
98 56 42 5.88 89
104 58 46 6.46 97
111 60 51 6.99 105
117 61 56 7.57 114
127 65 62 8.49 128
139 67 72 9.57 145
149 67 82 10.47 158
156 69 87 11.11 168
163 70 93 11.79 178
168 70 98 12.43 188
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Tir thong s6 thi nghiém thu dugc két hop
v6i mo hinh TEG, bang phuorng phap binh
phuong nho nhat nhom lam dé tai tim duoc
phuong trinh x4c dinh hé s6 S theo su chénh
Iénh nhiét 6 nhu sau.

S=-0,0034T+ 0,1668 (8)
Do thi biéu dién ham S=f(4T) nhu Hinh5.

100

o Cac diém thic nghigm
90+ — Ham héi quy

80

TOr

Th-Te

60

50

4 L L L L . L . . "
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S

Hinh 5: Pdc tuyén S theo chénh léch nhiét do.

V6i quy ludt bién thién S nhu phuong trinh
(8), dién ap phat ra theo hi¢u ing Seebeck co
phuong trinh sau.

Us =-0,000347"+ 0.1668 AT 9)
Dic tuyén U, theo chénh 1€ch nhi¢t do nhu
hinh 7.

o Céc diém thye nghi¢m
[ — Ham hdi quy

Us M
.

5 L L L L L
40 50 60 70 80 90 100

Th - Tc [oC]

Hinh 6: Pdc tuyén U, theo chénh léch nhiét do.

V6i phuong trinh xac dinh hé sé Seebeck
theo cong thirc (8) va mo hinh TEG nhu hinh
1, ta co cac dac tuyén cua TEG 500 cap P-N
dat doc theo bo thu nhiét nhu sau (Hinh 7):

Dac tuyen mo phong TEG Te=50 oC, RL=10 Ohm
20 T T T T T T T T

US[V], ULV], PLIW]

20 40 60 80 100 120 140 160 180
Th{oC]

Hinh 7: Két qua mé phéng module TEG.

Qua dir liéu thi nghiém & Bdng 1 ta thiy
rﬁng v6o1 500 cap nhiét dién hé s6 Seebeck
c6 thé dat toi 0,154 khi nhiét d6 mit nong
dat 168 °C va muc do chénh léch dat 98 °C
va dién ap phat ra dat téi /2 V, ca 4 nhanh
module déu cho két qua gidng nhau va hoan
toan c6 thé mic song song dé tang dong dién
ngd ra. Két qua mo phong nhu hinh 7 cho
ta thiy voi mirc nhiét d6 mit lanh 1a 50°C
dién ap phat ra c6 thé dat trén /0¥ va cong
suét co thé dat téi /2. Két qua nay cho thay
kha ning ing dung cic module TEG thu hoi
nhiét thai rat tdt.

2. Thi nghiém danh gia bo thu nhiét

Pé danh gia bo thu nhiét, budc ddu nhom
nghién ctru chi danh gia kha nang thu hoi
nhiét bang cach do do chénh léch nhiét do
gitra dong khi vao 7,[°C] vara bg thu 7, [°C]
tir 6, két hop véi dir liéu cua khoi thai dé
tinh nhiét lugng dugc hap thu bo1 bo thu. Thi
nghiém cling danh gid kha nang giai nhiét
bang gi6 cua by lam mat 7 [°C] ¢ toc do
dong co Ne tur 1500 rpm t61 2500 rpm va
dong co chay khong tai. Téc do gio W, [km/h]
duogc tao ra tir quat gioé voi van tde khoang
20 km/h. Thi nghiém xac dinh thong s khoi
thai dugc bé tri theo so dd khdi nhu hinh 7.



Tap Chi Khoa Hoc Gido Duc Ky Thudt (28/2014)

Trwong Pai Hoc Sw Pham Kj Thudt Tp. Ho Chi Minh 33
Kim phun xang
+ > Bj thu thap [<
dir ligu khoi thai
Cam bién
Lampda
Cém\ bikn Qua trinh chay
vi tri budm ga
o
Cambién 7
nhidt d khoi
Hinh 7: B6 tri thi nghiém thu thap dir li¢u khoi thdi.
Dir liéu thi nghiém dugc trinh bay ¢ Bdng 2.
Bing 2: Di li¢u thi nghiém dinh gid bé trao doi nhiét
TG | TG | TG | tims| | Nefrpm] | QW] | QW] | H[%]
373 334 49 4,1 1463 2,944 0,307 10,4
377 337 54 4,3 1461 3,119 0,330 10,6
446 379 55 4.4 1719 4,509 0,672 14,9
469 394 55 4,7 1758 5,207 0,825 15,8
503 408 55 4,9 2049 6,842 1,278 18,7
515 415 56 4,9 2351 8,061 1,546 19,2
527 423 56 5,0 2443 8,773 1,709 19,5
535 430 57 5,1 2554 9,516 1,844 19,4

Trong bang trén, Ne [rpm] 1a tde do dong co,
Q, [kW] la nhiét lugng khi xa di vao bd thu
nhiét, Q [kW] la nhiét’ lugng ‘Ehu duoc trén bo
thu, H [%] 1a hi¢u suat thu hoi nhiét. Dir li¢u
thuc nghiém cho thiy bo phan thu hdi nhiét
c6 nhiét do chénh Iéch dat téi 109°C trong
khi nhiét do gié lam mat ra khoi canh tan
nhiét chi dat 57°C véi toc do gi6 20 km/h.
Nhiét do vao 283°C & téc do dong co 2554
rpm, cOng suit bo thu nhiét dat duge 1,844
[£W]. Hiéu suat thu hdi dat 19,4%. Tuy nhién,
day chi méi 1a kha ning thu hdi nhiét ctia bo
thu nhiét 1am mat bang gi6. Hiéu suét tai st
dung nhiét con phu thudc vao bd chuyén doi
nhiét dién.

IV. Két qua va ban luan
Nghién ctru dd xay dung duge mdi quan hé
gitra di€n ap phat ra cta bo thu nhi¢t gom 4

diy mic song song, mdi diy gdm 500 cip
nhiét dién cho két qua dong déu va co kha
nang Gmg dung thu hoi nhiét phat thai trén 6
t0. Tuy nhién, di¢n ap phat ra cia TEG phu
thudc vao d¢ chénh 1éch nhi¢t do gitra hai bé
mit trao d6i nhiét. Bén mat néng phu thude
vao tai va toc do dong co, bén mat lanh phu
thudc vao toe do xe. Cac thong ) phu thude
lai thay d6i thuong xuyén khi xe hoat dong
nén khong thé thu duoc mot két qua dién
ap truc tiép on dinh. Chinh vi vay, can sir
dung bd chuyén d6i DC-DC dé dat dién ap
6n dinh muc 74V cung cap cho phu tai. O
thi nghiém danh gia bo thu hoi nhiét, do bd
thu dat xa dong co va chua cach nhiét duong
dng thai dong thoi dong co chay khong tai
nén nhiét do vao bo thu thip. O tdc d6 2554
rpm nhung nhiét do vao chi dat 280°C, thap
hon rat nhiéu so vé6i con sb 5710°C khi vira
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ra khoi hé thong thai & ché do tai trung binh
[5]. Vi thé cong suat thu hdi ctia bo thu nhiét
moi chi dat /844W. Tuy nhién nghién ctru
cho thay kha ning giai nhiét bang phuong
phap dbi luu cudng bic nhd dong gié khi

TAI LIEU THAM KHAO

xe chay co thé dap ung duoc chirc ning tiét
kiém nhién liéu. Pong thoi hé thong can co
quat 1am mat dy phong khi toc do dong co
khong du tao van tde gi6 lam mat can thiét.
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