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CACPHUONG PHAP TAN DUNG NANG LUGNG NHIET
KHi THAI TRONG DONG CODOT TRONG

METHODS OF UTILIZING EXHAUST WASTE HEAT OF INTERNAL COMBUSTION ENGINE

TOM TAT

Hién nay, viéc phat trién dong co dét trong dang phéi d6i mét véi nhiing
thach thic to I6n da la su can kiét nguon nhién liéu truyén thong, hiéu suat nhiét
thdp va phat thai gay 6 nhiém mdi trudng. Cu thé vé hiéu sudt nhiét, trong tong
s nang lugng cung cdp cho dong co thong qua qua trinh chuyén héa tir héa
nang sang nhiét ning an chia trong nhién liéu, chi cd khoang 20 dén 40% duoc
chuyén d6i thanh cdng ¢4 ich, phan ndng lugng con lai dugc thai ra moi truting
xung quanh cht yéu thong qua khi thai va hé thong lam mat dong co. Nhiéu
nghién cGu cho thay tan dung ngudn nhiét thai nay la huéng di tiém nang trong
viéc nang cao hiéu qua st dung nhiét trong dong ca. So véi viéc thu hoi nhiét ti
hé thong lam maét, thu héi va sit dung nhiét khi thai hiéu qua va dé dang hon rat
nhiéu do nd it anh hudng t6i két cau va qua trinh lam viéc cia dng co. Noi dung
bai bdo nay sé trinh bay tong hop nhiing trién vong va thach thic cla cic
phuong phap tan dung nhiét khi thai dang dugc nghién ctiu va st dung hién nay.
Céc ndi dung nay cd thé dugc st dung lam co s nghién ctu néng cao tinh kinh
t€, kj thuat thong qua tdi uu héa cac diéu kién lam viéc cling nhu tinh toan thiét
ké cac hé thong tan dung nang lugng nhiét khi thai - nudc lam mat cla ddng co.

Tirkhda: Dong co dét trong, nhiét khi thdi, tdn dung nhiét.
ABSTRACT

Nowadays, the development of ICE is facing major challenges such as the
exhaustion of traditional fuel sources, low thermal efficiency and environmental
pollution emissions. Specifically, in the total amount of energy supplied to the engine
through the transformation from chemical energy to the latent thermal energy in the
fuel, only about 20 to 40% is successfully converted to useful work, the remaining
thermal energy were being discharged into the environment through exhaust gas
and engine cooling system. Therefore, taking advantage of this energy source is
considered a challenging and promising research direction. Compared to utilizing
heat of cooling water, the recovery and use of exhausted heat is much more efficient
and easier because it has less impact on the structure and working process of the
engine. This paper will summarize the prospects and challenges of the methods of
utilizing exhausted heat currently being studied and used today. The content of the
article can be used as a basis for research to improve the economics and techniques
through optimizing the working conditions of the engine and for calculating the
design of systems that utilize exhaust energy - engine cooling water.

Keywords: Internal combustion engine, exhaust heat, heat utilizing.
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1.GIGI THIEU

Ngay nay, trudc stic ép vé chi phi nhién liéu cing nhu
céac tiéu chudn kiém soat phat thai da tao ra thach thic
ciing nhu la nguén déng luc cho cac nha ky thuat nghién
cliu cai tién Bong co dot trong (PCHT). Hang loat cac
cdng nghé hién dai nhu hé théng nhién liéu dién tu, tang
ap tuabin - mdy nén, céng nghé van bién thién VVTi... da
dugc ap dung nham tang cong suat, giam tiéu thu nhién
liéu va phat thai doc hai. Tuy vay, hiéu suat cé ich cla
ddng co chi dat vao khoang 30 + 40% trong vung lam viéc
t6i uu, & cac ché do lam viéc khac nhu tai nhoé hodc toc do
cao hiéu suat nay con thap hon rat nhiéu. Nhu vay c6 thé
thay luén c6 t8i thiéu khodng 60 + 70% nang lugng nhiét
trong déng co bi hao phi, phan nhiét nay cht yéu bi mat
mat do nhiét thai qua moéi chat lam mat hodc khi thai
déng ca [1, 2]. Cung vai d6, viéc ap dung cac tiéu chuin
kiém soat phat thai ngay cang cao ciing tao trd ngai cho
cac nha san xuat trong viéc nang cao nhiét d6 va ap suat
trong qua trinh chdy do d6 né cling lam gidm kha nang
cai thién hiéu suat nhiét ctia déng ca [3, 41. Nhiéu nghién
clu cho thay t6i uu héa qua trinh chuyén ddi nang lugng
va tan dung ngudn nhiét hao phi sé la gidi phap hiéu qua
dé cai thién hiéu suat st dung nhiét va phat thai doc hai
cta BbCDT [5, 6].

Trong hé théng lam mat, phan 16n lugng nhiét truyén
qua thanh vach sé truyén cho méi chat lam mat, thong qua
bé phan tdn nhiét (quat, két) lugng nhiét nay dugc phan
tan ra méi trudng xung quanh. Do nhiét dé thap (thudng
nhd hon 100°C) nén viéc tan dung nhiét nudc lam mat
thudng theo dang nhiét - nhiét [7]. Ngoai ra yéu cau vé
chénh léch nhiét do gitta nudc vao va ra nhé (3 + 5°C) nén
dé tan dung hiéu qua can dién tich trao d8i nhiét rat I6n do
dé lam tang kich thudc cda thiét bi trao d6i nhiét, gay kho
khan cho qua trinh bé tri thuc té.

Dai véi khi thai, nang lugng ton tai & dang nhiét nang
va déng nang, vdi dic diém nhiét d6 cao (c6 thé 1én téi 600
+ 800°C) va ludn chiém ty 1& 16n (30 + 45%) & moi ché do
lam viéc clia dong co nén tan dung phan nang lugng nay
tU 1au da dugc cac nha khoa hoc nghién ciu va ap dung véi
cac phuang phép tir don gidn nhu tan dung dé sudi am, hé
thong tang ap tuabin - may nén. Gan day, cac nha khoa hoc
da dua ra mét s6 phuong phéap tiém nang dé tan dung
nguén nang lugng nay, c6 thé ké dén nhu chuyén déi nhiét
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- dién TEG, st dung nhiét khi thai sdy nong va gian né méi
chat trung gian theo chu trinh ORC, BOC hoac tich trit nhiét
dudi dang héa nang.

DPé& c6 cai nhin t8ng quat, bai bao nay sé gidi thiéu mot
s6 phuong phéap tan dung nguén nang lugng nhiét khi thai,
tiém nang va nhing thach thac khi ap dung véi DCBT.

2. TIEM NANG VA KHA NANG TAN DUNG NHIET KHi
THAIDONG CO

Nguén ndng lugng tir DCOT truyén cho may céng tac
hoan toan xuit phat ti su dét chay nhién liéu, chuyén héa
tU nhiét nang thanh co nang theo dinh luat nhiét déng thu
nhat. Theo dinh luat nay luén c6 su can bang gitta nang
luong dau vao va dau ra trong hé théng. Trong BCDT nhién
lieu va khong khi dugc dua vao buéng chay, tai day dién ra
qua trinh chuyén déi tir héa ning sang nhiét nang théng
qua qua trinh chéy. Chi mét phan nang lugng nhiét chuyén
déi thanh céng c6 ich phan con lai mat mat cho hé théng
lam mat va nhiét khi thai, phan nang lugng con lai bao gém
cong tén hao co gidi nhu céng dan dong bom nudc, quat
gi6, ca cau phdi khi; ma sat gilta cac 6 truc, piston - xilanh
va mét phan nho do nhién liéu khéng chay hét.

Hinh 1 thé hién su phan bé nang lugng trong déng co
diesel [8]. C6 thé nhan thdy dé gidm cac tén that nhiét,
DCHT can lam viéc 6n dinh & ché d6 tai trong cao. Tuy
nhién, ché dé lam viéc thuc té cta DCDT thudng xuyén
thay d6i. Dac biét |a DCDT trén cac phuang tién giao théng
van tdi thudng lam viéc & vung tdi nho va trung binh.

Nhu vay, ngoai viéc t6i uu hda cac thong sé lam viéc clia
doéng co thi viéc tan dung cac ngudn nhiét thai (lam mat,
khi thai) sé cho phép nang cao hiéu suat st dung nhiét
chung.
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Hinh 1. Phan bé nang lugng trong DCDT

3. CAC PHUONG PHAP TAN DUNG NHIET KHi THAI
PONG CO

3.1. Trang bi cum tuabin - may nén

Trang bi thém cum Tuabin - May nén (TB-MN) trén
dudng nap - thai nham muc dich tang c6ng suét, cong
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suat riéng cla dong co. Trong phuong phap nay, TB-MN
dugc 1dp dong truc, dong khi thai ciia dong co sé khong
thai truc ti€p ra méi trudng ma dugc dua qua TB gian n&
sinh cong. Céng gidn nd tu TB truyén qua MN, nén moi
chat nap t&i mét ap suat nhat dinh. D& tang hiéu qua, khi
nap mdi sau may nén sé dugc lam mat trudc khi nap vao
xilanh BDCDT, nhu thé hién trén hinh 2.

Cum TB-MN khong lién hé co khi véi truc khuyu do dé
khong ldy mat cong suat cia dong co. Mat khac, khi tang
ap suat khi nap (néu hoa khi dong cc khéng thay déi) sé
lam gidm ty 1& lugng nhiét truyén cho nudc lam mat cling
nhu céng tén hao co gidi, do dé sé lam tang hiéu suat c6
ich cda BCDT. Tuy nhién, tang 4p TB-MN cling cé nhiing
han ché& nhu & ché d6 tai nho, nang lugng cua khi thai thap,
khéng da dé cung cép cho cum TB-MN. G céc ché do nay
cum TB-MN con lam tdng can trén dudng nap thai, lam
tang tén hao cao gidi ctia DCOT. D€ khic phuc han ché nay
cac déng co hién nay da trang bi hang loat cac cong nghé
hién dai nhu tang ap tuabin kép Bi-Turbo hay Twin Turbo,
thay d&i cdu trac hinh hoc tuabin VGT (Variable Geometry
Turbocharger), tuabin c6 hai clta cdp khi vao (Twin-scroll
divided turbochargers), tuabin véi quan tinh nho két hop
véi clia xa (Wastegate)...[9, 10, 11].
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Hinh 2. So d6 hé thong tang ap Tuabin - Mdy nén
3.2. Chuyén d8i nang lugng nhiét khi thai thanh dién
theo nguyén ly nhiét - dién TEG

Chuyén d&i nhiét - dién TEG (Thermo Electric
Generators) la phuong phap dua trén hiéu Ung Seebeck
[12]. Méi phan t&r TEG ban chat la mét cdp tam ban dan loai
N va P, cac tdm ban dan dugc b6 tri mot bé mat tiép xic véi
nguén néng T, mét mat ti€p xdc vai ngudn lanh T,. Khi
chénh léch nhiét dé gida nguén néng va ngudn lanh da
I6n cac hat mang dién tich trén hai nhanh ban dan sé di
chuyén vé phia cé nhiét dé thap, vai tdm ban dan loai N 13
cac hat dién tich am (electron), tdm ban dan loai P la cac 16
trong mang dién tich duong. Do dd, noi tap chung it
electron trén tdm ban dan loai N sé mang dién tich duong
(+) con nai tap trung it 16 tréng trén tdm ban dan P mang
dién tich am. Do d6 khi n6i hai bé mat ban dan nhu hinh 3
sé tao thanh mach kin sinh ra dong dién.
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Hiéu suat nhiét - dién ca mot phan ti TEG dugc xac

dinh theo cong thuc sau:
T1 _Tz

= (1
2T,-1/2(T,~T,)+4/Z

n

Trong d6, T,, T, lan lugt la nhiét d6 ngudn ndéng va
ngudn lanh, Z hé s6 pham chat (don vi K') phu thudc loai
vat liéu ban dan.

Véi nhiing uu diém ndi tréi nhu kich thudc nhé gon,
chuyén d8i nang luong nhiét thanh dién mét cach truc tiép
nén cdng nghé nay da dudgc cac hang xe ndi tiéng trén thé
gi¢i nhu BMW, Ford, hay Honda dau tu nghién ctu, hién tai
BMW da tng dung TEG trén moét sé dong xe cla minh [13,
14]. Tuy nhién, TEG van con nhiéu han ché can nghién ctu
cai tién nhu hiéu suat chuyén déi thap (5 + 8%), chi phi dau
tu kha 16n. T cong thuc (1) ¢ thé thay dé tang hiéu suat
chuyén dgi can tang chénh léch nhiét do gitta nguén néng
va nguén lanh ciing nhu doi héi vat liéu cé pham chat tét
(hé s6 Z cao). Thuc té dé tang hiéu qua sir dung nhiét ngudi
ta thudng st dung TEG két hgp véi hé théng trao ddi nhiét
nhu thé hién trén hinh 4. Trong phuang phép nay, cac éng
trao d&i nhiét cd muc dich thay thé cac canh tan nhiét, lam
tang kha nang trao ddi nhiét clia hé théng tir d6 lam tang
hiéu suat tan dung nhiét. Phuang phap nay cho thay rat
nhiéu trién vong bdi cd TEG va 8ng trao déi nhiét déu &
dang ran, én dinh, khéng gay én ciing nhu c6 dé bén cao.
Han nira, 6ng tan dung nhiét sé lam gidm nhiét tré gitta khi
thai va TEG, giam su mat mat ap suat ctia dong khi va tao ra
su ca dong trong viéc thiét ké hé thong. Tuy nhién, phuang
phap nay con mét sé mat han ché nhu TEG c6 hiéu suat tan
dung nhiét thap cling nhiét dé cho phép cao nhat & bé mat
bi han ché va ng thu héi nhiét c6 van dé vé téc do trao ddi
nhiét cing nhu viing nhiét d6 hoat déng hiéu qua.

Pé tang ty |é tan dung nhiét khi thai, hinh 5 trinh bay
cach thuc bo tri cac tdm TEG xép chong 1én nhau, xen
gilta cac tdm la cac kénh dan khi thai va nudc lam mat
[15]. Phucng phap nay sé tan dung triét dé hon nhiét khi
thai qua do6 lam tang hiéu qua s dung nhiét cla cd hé
thong. Tuy nhién, cach thic bé tri nay ciing sé lam tang
khéng gian bé tri, khé khan trong viéc 1ap dat, bdo dudng
sUra cha.
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1- Dudng nudc lam mét; 2- TEG md dun; 3- Dudng nuéc mang nhiét;
4-Tam cch nhiét; 5- Dau dan nhiét; 6- T-type.

3.3. Chuyén d6i nang luong khi thai thanh nang duoc
luu trir duéi dang héa nang

Hé théng luu tri nang lugng héa hoc hay CHS
(Chemical heat storage) la mét dang ctia hé théng luu trir
nhiét ndng. CHS dugc st dung dé chuyén ddi nhiét nang
thanh héa nang theo phuong trinh phan ting thuan nghich
nhu sau: A + Nhiét & B+ C.

Nguyén ly ca ban clda phuong phap nay la nang lugng
nhiét dugc hap thu trong qua trinh luu trit nhiét béi mot
héa chat A dé tré thanh hai thanh phan B va C. Khi can sinh
nhiét, hai sdn pham B va C dugc trén véi nhau dé hoan
nguyén thanh A ban dau va nhiét dugc giai phdng. So véi
cac hé thong luu trit nang lugng nhiét khac, CHS c6 mat do
nang lugng cao hon va cé thé luu trit trong thai gian dai
hon véi tn that nhiét tuang déi nho [16]. Phuong phap
nay hién da dugc 4p dung dé luu trit nang lugng mat troi
dé dun néng & cac ho gia dinh cling nhu dé luu trit ndng
lugng dién & cac gid thap diém trong cac nha may dién [17,
18]. Nhugc diém chinh clia hé théng nay 1a phan tram nhiét
tich trir dugc con thap va chi c6 thé luu trit ndng luong tu
cac nguon nhiét cé nhiét dé cao.

-

'y 4 by

Hinh 6. So do nguyén Iy ctia hé thong CHS luu trit nang lugng nhiét khi thai
DT
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Tai Viét Nam, Cao Duc Lugng va cac cong su da tién
hanh nghién citu mot hé théng luu trir nhiét héa hoc su
dung hogp chat ctia Mg(OH), va than chi véi ti 1é khoi lugng la
8:1 (block state) [19]. Nhiét d6 d€ phan (ng cta hé théng
phu hgp véi nhiét do khixa cia BCDT va st dung thém than
chi sé cho hén hop khéi luong riéng 1én hon ciing nhu kha
nang trao déi nhiét tét hon chi st dung Mg(OH),. Nguyén ly
lam viéc ctia hé théng dugc thé hién trong hinh 6.

Tania Morabito va cac dong nghiép da tién hanh thu
nghiém mét loai vat liéu dua trén cac tinh thé nhém
mangan dé lam vat liéu trung gian trong qua trinh bién déi
tlr hoa nang sang nhiét nang va ngugc lai dé st dung trong
cac nha may nang lugng dién mat trGi [20]. Nhdm nghién
ctru st dung moi chat trung gian la khi nén va thu dugc két
qua khé quan véi hén hgp c6 két cdu 6n dinh, gidm thiéu
t6i da su gidm &p khi cac phan ting héa hoc xay ra déng
thoi vat liéu c6 mat doé nang lugng trén don vi thé tich
tudng déi cao. Tuy nhién, tac gid cing da dé cap rang hiéu
suat cla hé théng luu trit nang lugng nay co thé duoc cai
thién dang ké bang cach t8i uu héa cac dic tinh cta hén
hop tinh thé nhém mangan. Dic biét viéc cai thién
enthalpy ctia phan (ing 13 hoan toan cé thé thuc hién dugc.
3.4. Chuyén ddi nang lugng khi thai thanh ning lugng
co khi hoac dién ORC hoac BOC

Chu trinh rankine ORC (Organic Rankine Cycle) dugc coi
la chu trinh don gidn, hiéu qua va phu hgp véi muc nhiét
thap nhu khi thai cia DCDT. M6 hinh ORC don gidn nhu thé
hién trén hinh 7 [21]. Hé théng bao gém noi hai, thiét bi
gian nd sinh céng (tuabin), binh ngung tu, bam va méi chat
trung gian. Khi thai déng co dugc dan qua ndi hoi, tai day
méi chat trung gian nhan nhiét, chuyén pha ti 1dng sang
khi. Ti€p theo, moi chat khi dugc dua téi gian nd sinh céng
tai tuabin. Cong sinh ra tu qud trinh gidn n& sé dugc su
dung dan dong may phat dién hodc dan déng ca khi cho
cac ung dung khac. Sau khi qua tuabin, méi chat duoc
ngung tu tai binh ngung sau d6 dugc bom bam tré lai néi
hoi thuc hién moét chu trinh kin. BOC (Breyton Organic
Cycle) la mét trudng hgp riéng clia ORC khi st dung cac
chat khi lam méi chat trung gian. Phuong phap nay gidp
rut ngan thai gian qua dé cta hé théng cing nhu cai thién
hiéu suat tan dung clra hé théng & cac ché doé tai trong nho
cla BCPT. Cac moi chét trung gian BOC thudng dugc sur
dung hién nay nhu CO,, CFC... Khéng c6 moi chat trung
gian nao la hoan hao, méi méi chat chi phu hop va phat
huy hiéu suét cao trong mot s6 vung lam viéc nhat dinh
clia dong co [22].

Trong hé théng ORC thi ap suat hoi la thong sé quan
trong nhat anh huéng tsi hiéu suat hé théng. Tuy nhién
chénh léch nhiét d6, tén hao cla bo trao d6i nhiét, nhiét d6
téi han cla moi chat trung gian sé 1a nhimng rao can chinh
anh hudng tai 4p suat lam viéc t6i da cta chu trinh. ORC
dugc st dung trong cac hé théng két hgp nhiét véi cong la
mét lua chon tét d€ ting cudng hiéu suat va giam thiéu gia
thanh [23].

C6 thé thdy, ORC la mét phuong phap c6 nhiéu trién
vong trong viéc tan dung cac ngudn nhiét thap va trung
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binh nhu khi thai dong co. Tuy nhién, d€ nang cao hiéu qua
van can nghién ctu xac dinh cadc moéi chat trung gian mdi,
nang cao hiéu suat cla qua trinh gidn nd, hiéu suat qua
trinh trao d&i nhiét tai ndi hai va binh ngung, phéi hop qua
trinh lam viéc cda hé théng phu hgp véi ché do lam viéc
cta DCDT dé co6 thé cai thién hiéu suat ctia cd hé théng
ORC-bDCDT.
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Hinh 7. M6 hinh ORC don gian
3.5. Luu trii va hap thu nhiét khi thai st dung vat liéu
thay daéi pha
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Vat liéu thay d6i pha (PCM) la vat liéu ma pha cla né sé
thay déi & nhiét d6 nhat dinh. Trong qua trinh thay ddi pha,
PCM hap thu hodc gidi phong mét lugng nhiét 16n dé thuc
hién qua trinh bién déi. Hién tugng nay dugc goi la nhiét &n
cta phan (ng t8ng hgp hodc hda hai, va théng qua qua
trinh nay, nang lugng dugc luu trir hodc gidi phong. Vat liéu
lam PCM dugc chia thanh hai nhém chinh, v6 co va hitu co
(paraffin) [24]. Uu diém ctia PCM la vat liéu dugc st dung dé
ché tao ra PCM c6 thé tai ché dugc, khong gay ra su an mon
déi véi loai hiiu ca va cé nhiét an cao. Han ché clia phuong
phap nay la thai gian luu tri khéng dai, hé s6 truyén nhiét
kém, cé hién tugng néng chay khong déng nhat va hién
tugng siéu lanh [25].

V.Pandiyarajan cing nhém nghién ciu da gidi thiéu khai
niém binh tich trG nhiét PCM. Hé théng bao gébm mot
khoang chtra cac binh luu trit nhiét, dudng vao va ra cia moi
chat truyén nhiét, moi chat la dau dugc bom vao hé théng tu
dudng vao & trén dé trao ddi nhiét véi cac binh luu trit va di
ra & phia duéi [26]. K&t qua cho thay hé théng cé thé luu trir
t6i 50% lugng nhiét khi thai cla déng co do doé giup nang
cao hiéu suat nhiét téng thé clia hé théng DCDT-PCM lén
10 + 15%. Lugng nhiét luu tri nay dugc tai sit dung dé say
néng nudc lam mat, khi nap trong trudng hgp khdi dong
lanh. Tuy nhién, khéi lugng va thé tich khéng gian cta hé
théng con 16n, téc d6 trao di nhiét thap.

Mert Girtlrk cung cac coéng su da thuc hién mot nghién
ctu vé mot phuang phap thiét ké mai cho cac vay truyén
nhiét trong bé PCM [27]. Trong nghién ctu nay, cac tac gid
da phan tich qua trinh trao d&i va tich trir nhiét ctia PCM va
dua ra két cau canh va vay truyén nhiét mang lai hiéu qua
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cao nhat trong qua trinh ndng chay ctia PCM tur d6 cai thién
cac tinh nang ky thuat cda binh luu tri nhiét, két cdu nay
dugc thé hién trong hinh 8. K&t qua cho thdy, dinh huéng
dé thiét k& canh trao ddi nhiét trong d6 dé€ y dén qua trinh
néng chdy cla PCM trong binh tr{r nhiét la mét hudng di
dang dugc cac nha nghién ctu thit nghiém va phat trién.
Bang cach dat cac tdm canh trao ddi nhiét mét cach hgp ly,
nhém cla Mert Girtiirk da tang téc dé nong chay ctia PCM
[én dén 65% tu d6 cai thién téc do truyén nhiét cling nhu
luogng nhiét hap thu va luu trir dugc ctia PCM. Nghién ctu
nay dem lai nhiéu trién vong va hia hen dé cai thién cac
tinh nang ky thuat cda binh luu trit nhiét si dung vat liéu
d6i pha tuy nhién cac cai tién vé vat liéu lam canh cling nhu
gia thanh san pham sé can dugc tién hanh dé nghién cdu
nay c6 thé dugc sém di vao thuc té.

Aluminum pipe

N
Plane | PCM

Plane 2

Fins

Hinh 8. Cau tao cdnh va vay truyén nhiét ctia b PCM
3.6. Tan dung truc tiép nhiét khi thai

Phuong phép tan dung nhiét khi thai truc tiép dé sdy
néng khi nap, dau boi tran (khi ddng cc méi khai déng) da
dugc sir dung trén nhiéu dong ca, trén mét sé dong xe du
lich hién nay ngudi ta con st dung nhiét khi thai (phia sau
b6 xUc tac) dé sudi m khong gian trong xe [28].

Trén cac tau thly c& 16n, nhiét khi thai va nudc lam mat
déng ca khéng nhiing dugc tan dung dé sudi &m ma con
c6 thé dugc sir dung dé chung cit nudc bién tao thanh
nudc sinh hoat trén tau. K.S.Maheshwari cung cac céng su
da nghién ctu tan dung nhiét thai ctia déng co diesel dé
trung cat nudc ngot [29]. Hé théng sir dung nhiét thai ctia
khi x4 déng co dé dun néng nudc bién réi trung cat thanh
nudc ngot, nudc man con dugc dua qua binh ngung tu dé
hédp thu nhiét clia qua trinh ngung tu. Sa dé ctia hé théng
dugc thé hién trén hinh 9.

Két qua clia nghién ctiu cho thay so vai khi khéng st
dung b6 phan gia nhiét cho nudc bién thi hé théng c6 binh
gia nhiét sé c6 hiéu suat cao hon tir 20 + 30% tang dan khi
tang tai ctia DCHOT. Trong binh ngung, nudc mudi déng vai
trdo nhu mot chat lam mat cho hoi trong binh hoa haoi va
dugc luu trit trong binh riéng & nhiét do 60°C. Diéu nay mé
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ra cac hudng cai ti€n maéi cho hé théng trong tuang lai dé
tan dung nguén nhiét nay. Nhugc diém cda hé théng la
con cong kénh, bo tri khé khan va lugng nudc ngot tao ra
van con thap.

Binh nguimg w Binh mndc ndng

\ {nudc man)

Nurdre ngot
— NV WV =
f Nurde mjn durge
o Hai nurde gia nhigt Nude miin
Nurdre mn ;
A4 dugre gia

nhigt

Bjng co

Khi xa Khi xa

Vo ra

diesel

Hinh 9. So d6 hé thong chung cat nudc ngot
4, KET LUAN

C6 thé nhan thay tiém nang rat I6n vé sir dung hiéu qua
nang lugng théng qua viéc ap dung cac cdng nghé thu hoi
nhiét khi thai. Viéc st dung hiéu qua khong chi la tan dung
nguén nhiét thai nay dé sinh cong co khi ma con c6 thé st
dung nguén nhiét nay dé sudi 4m, tao ning lugng dién
hodc van hanh hé théng lam lanh. Viéc thu héi nhiét thai tu
khi thai va chuyén d&i thanh nang lugng co hoc la c6 thé
véi su trg gilp cla cac chu trinh nhiét déng hoc Rankine,
Stirling va Brayton, hap thu hoi. D6i vai hé thong thu hoi
nhiét thai sir dung nhiét thap, co hiéu suat thap thi né rat
hitu ich cho cung kha nang tang hiéu suat nhiét va giam
phat thai. Tai s dung nhiét khi thai clng sé giup cai thién
hiéu suat nhiét, suat tiéu hao nang lugng va khi thai cta
déng co. Néu nhimng cédng nghé nay dugc cac nha san xuat
ap dung thi né sé lam tang hiéu suat chung cltia dong co
dét trong.

TAI LIEU THAM KHAO

[1]. John B. Heywood, 2018. Internal Combustion Engine Fundamentals
Second edition. McGraw-Hill Education, ISBN: 978-1-26-011611-3.

[2]. Charles Fayette Taylor, 1985. Internal Combustion Engine in Theory and
Practice, Volume 1: Thermodynamics, Fluid Flow, Performance. MIT Press.

[3]. Eran Sher, 1998. Handbook of Air Pollution From Internal Combustion
Engines.

[4]. Georgios Fontaras, at el, 2013. Development and review of Euro 5
passenger car emission factors based on experimental results over various driving
¢ycles. Science of the Total Environment.

[5]. ). S. Jadhao, at el, 2013. Review on Exhaust Gas Heat Recovery for I.C.
Engine. International Journal of Engineering and Innovative Technology (LJEIT)
Volume 2, Issue 12.

[6]. M. Sc. Milkov N., at el, 2015. Advanced Technologies For Waste Heat
Recavery In Internal Combustion Engines. Technical University of Sofia.

Vol. 57 - No. 3 (June 2021) e Journal of SCIENCE & TECHNOLOGY | 111



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

[71. John R.Armstead, at el, 2014. Review of Waste Heat Recovery
Mechanisms for Internal Combustion Engines. Journal of Thermal Science and
Engineering Applications, Vol. 6.

[8]. Nguyén Tat Tién, 1994. Nguyén Iy dong co dét trong. NXB Gido duc.
[9]. Dengting Zhu, at el, 2019. Fuel consumption and emission characteristics

in asymmetric twin-scroll turbocharged diesel engine with two exhaust gas
recirculation circuits. Applied Energy 238.

[10]. Adam J. Feneleya, at el, 2016. Variable Geometry Turbocharger
Technologies for Exhaust Energy Recovery and Boosting-A Review. Renewable and
Sustainable Energy Reviews.

[11]. Viktor Olsson, 2015. An on-engine twin-scroll turbine performance
estimation. Master of Science Thesis, KTH Industrial Engineering and
Management

[12]. H. Julian Goldsmid, 2009. Introduction to Thermoelectricity. Springer
Series in Materials Science 121, Springer-Verlag Berlin Heidelberg.

[13]. https://link.springer.com/article/10.1007/BF03226939

[14]. B. Orr, at el, 2016. A review of car waste heat recovery systems utilising
thermoelectric generators and heat pipes. Applied Thermal Engineering 101, 490—
495.

[15]. Xing Niu, at el, 2009. Experimental study on low-temperature waste
heat thermoelectric generator. Journal of Power Sources 188, 621-626.

[16]. Benoit Stutz, at el, 2016. Storage of thermal solar energy. Comptes
Rendus Physique, p. 401-414.

[17]. Pelay U., et al, 2017. Thermal energy storage systems for concentrated
solar power plants. Renewable and Sustainable Energy Reviews, 79: p. 82-100.

[18]. Zamengo M., 2014. A Study on Heat Transfer-Enhanced Composites for a
Magnesium Oxide/Water Chemical Heat Pump. Tokyo Institute of Technology.

[19]. Duc Luong Cao, at el, 2018. Investigation of chemical heat storage
processes for recovering exhaust gas energy in internal combustion engines. 21st
Australasian Fluid Mechanics Conference Adelaide, Australia.

[20]. Tania Morabito, Salvatore Sau, at el, 2020. Chemical (SP storage system
based on a manganese aluminium spinel. Solar Energy 197, 462-471.

[21]. Alias Mohd Noor et al, 2015. Technologies for Waste Heat Energy
Recovery from Internal Combustion Engine: A Review. Conference Paper.

[22]. U. Drescher, D. Bruggemann, 2007. Fluid selection for the organic
Rankine cycle (ORC) in biomass power and heat plants. Applied Thermal
Engineering 27: 223-228.

[23]. Chen Yue, at el, 2019. Thermal and economic analysis on vehicle energy
supplying system based on waste heat recovery organic Rankine Cycle. Applied
Energy 248, 241-255.

[24]. Luisa F. Cabeza, 2014. Advances in Thermal Energy Storage Systems:
Methods and Applications. Woodhead Publishing (Woodhead Publishing Series in
Energy).

[25]. https://www.sciencedirect.com/topics/earth-and-planetary-sciences/
supercooling

[26]. V. Pandiyarajan et al, 2011. Experimental investigation on heat recovery
from diesel engine exhaust using finned shell and tube heat exchanger and thermal
storage system. Applied Energy 88, 77-87.

[27]. Mert Gurturk, Besir Kok, 2020. A new approach in the design of heat
transfer fin for melting and solidification of PCM. International Journal of Heat and
Mass Transfer 153, 119671.

112 | Tap chi KHOA HOC VA CONG NGHE ® Tap 57 - S6 3 (6/2021)

[28]. Mahmoud Khaled, et al, 2016. Heating fresh air by hot exhaust air of
HVAC systems. Case Studies in Thermal Engineering, Volume 8, Pages 398-402

[29]. K.S.Maheswari, et al, 2015. Thermal desalination using diesel engine
exhaust waste heat. Desalination 358, 94 —100.

AUTHORS INFORMATION
Khong Vu Quang’, Nguyen Duy Tien', Pham Minh Tuan',
Nguyen Phi Truong?, Le Manh Toi", Le Dang Duy'

'School of Transportation Engineering, Hanoi University of Science and
Technology

“Hanoi University of Industry

Website: https://tapchikhcn.haui.edu.vn





