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NGHIEN CUPU XAY DUNG MO HINH TRUYEN NHIET
CUADONG CO DIESEL SU DUNG LUONG NHIEN LIEU

DIESEL-ETHANOL

THE STUDY OF THE CONSTRUCTION HEAT TRANSFER MODEL OF DIESEL ENGINES

USING DUAL FUEL DIESEL-ETHANOL

TOM TAT

Viéc nghién clbu phét trién va (ng dung cac loai nhién liéu thay thé dang 1a xu hwéng chung clia
nhiéu nude trén thé gioi nham lam giam st phu thudc vao nhién liéu héa thach, dam bao an ninh
nang lrgng cling nhu gidm tac dong t6i moi tredng dac biét 1a khi géy hiéu (tng nha kinh. Trong do,
ethanol dugc xem la mt trong cac nhién ligu tim nang st dung cho ddng co diesel. Da ¢6 nhiéu
¢ong trinh trong va ngoai nuc nghién ciu xay dwng md hinh truyén nhiét clia dong co diesel sk dung
[wdng nhién liéu nhu diesel-LPG, diesel-CNG. Tuy nhién chura ¢ nghién clu nao xay dyng md hinh
truyén nhiét clia dong co diesel st dung ludng nhién liéu diesel-ethanol c6 dac tinh Iy ha khac voi
cac nhién liéu trén. Bai bao nay trinh bay nghién ciu xay dyng mo hinh truyén nhiét clia dong co
diesel sit dung ludng nhién liéu diesel-ethanol bang phan mém Matlab simulink. Két qua cho théy
dién bién &p sudt trong xy lanh dong co gitra m hinh va thic nghiém dam béo chinh xAc, do d6 06
thé st dung md hinh nay dé xay dung md hinh chay cla dong co st dung lung nhién liéu diesel-
ethanol.

Tir khda: Ludng nhién liéu diesel-ethanol; luGng nhién liéu; md hinh truyén nhiét; md hinh chay;
m@ hinh ddng co diesel-ethanol.
ABSTRACT

The research, development and application of alternative fuels are general trend in many
countries around the world to reduce dependence on fossil fuels, energy security as well as reducing
environmental impact particularly the greenhouse gases. In particular, ethanol is considered as one
of the potential fuel used for diesel engines. There have been many projects in the world and
Vietnam to study the construction of the heat transfer model of diesel engines used dual-fuel such as
diesel LPG, diesel-CNG. However, no study to model heat transfer of diesel engine used dual fuel
diesel-ethanol has different physical and chemical characteristics which are quite different with those
of the above-mentioned ones. This paper presents the study of the construction heat transfer model
of diesel engines using dual fuel diesel-ethanol by Matlab simulink software. The results show that
the pressure variation in the engine cylinder between the model and the experiment is accurate, so
model can be used to build a combustion model of diessel engines using dual fuel diesel-ethanol.

Keywords: Dual fuel diesel-ethanol; dual fuel; heat transfer model; combustion model; diesel-
ethanol engine model.
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CHU VIET TAT

APA 100 Béng th dong luc hoc cao

AVL553 thiét bi cung cdp va diéu chinh nhiét do nudc lam mat
AVL733S Thiét bi do tiéu hao nhién liéu

AVL 7355 Thiét bi diéu chinh nhiét dd nhién liéu
CNG Khi thién nhién (Compressed Natural Gas)
D4BB bang co diesel 4 ky 4 xy lanh

DME Dimethyl Ether

ECU BO diéu khién dién ti

DI Budng chay ngan cach (Indirect Injection)
LPG Khi héa lang (Liquefied Petroleum Gas)
QC33c Cam bién ap sudt xy lanh

1. DAT VAN BE

Cho dén nay mot s6 nhién liéu tiém nang va cé kha
nang thay thé cho nhién liéu truyén théng clia déng co dot
trong da dugc tim ra nhu biogas, dau thuwc vat, con, khi
thién nhién CNG, khi héa léng LPG, DME va hydré.

Trong do, con étylic thwong dugc goi ethanol 1a nhién
liu sinh hoc cé thé st dung thay thé cho nhién liéu clia
dong co diesel [2]. Ba c6 nhiéu cong trinh trong va ngoai
nuéc nghién clru xay dung mé hinh truyén nhiét ctia dong
co diesel st dung ludng nhién liéu nhu diesel-LPG, diesel-
CNG. Tuy nhién chwa c6 nghién clru nao xay dwng mé hinh
truyén nhiét clia dong co diesel st dung lvdng nhién liéu
diesel-ethanol c6 dac tinh ly héa khac véi cac nhién liéu trén.

Trong khuén kho bai bado nay, nhom tac gia trinh bay
phuong phap xay deng mo hinh truyén nhiét cho déng co
diesel st dung Ivdng nhién liéu diesel-ethanol, day la mot
md hinh phtrc tap anh hudng nhiéu dén dd chinh xac clia
md hinh déng co. M6 hinh nay duoc dwa vao mé hinh déng
co, trén co s& danh gia ap sudt xy lanh ctia mé hinh véi thuc
nghiém dé danh gia tinh chinh xac ctia mé hinh.
2.D0I TUONG NGHIEN CUU VA CHE DO THUC NGHIEM

Nghién ctru st dung hai loai nhién liéu la diesel va
ethanol v&i mét sé tinh chéat co badn duoc trinh bay trong
bang 1.

Bang 1. C4c thong s6 ky thudt cta nhién liéu diesel va ethanol [7]

Thong s6 Diesel Ethanol
Khoi lwgng riéng & 20°C (kg/m?®) 856 785
Hé s6 khong khi Iy thuyét (kg/kg,,) 147 8,96
Nhiét tri thap (MJ/kg) 41,66 26,8
Nhiét hda hoi (k)/kg) 270 840
Nhiét do tu chay (K) 500 665
Tri s xé tan 45+50 5+8
Ham lrgng céc bon (% khdi legng) 87 52,2
Ham lrgng hydro (% khai lvong) 13 13
Ham lrong 6 xy (% khéi lwgng) 0 34,8

bong co thir nghiém duwgc lwva chon la loai dong co
diesel D4BB 4 xy lanh, 4 ky, buéng chay phan chia IDI
(Indirect Injection), st dung bom phan phéi 1ap trén xe tai
1,25 tén clia hdng Huyndai, cac théng s6 co ban clia dong
co dugc trinh bay trong bang 2. Bong co dugc dat trén
bang th®* dong lvc hoc cao APA 100 thudc Phong thi
nghiém Bong co d6t trong, Truong Pai hoc Bach khoa Ha
NOi. Di kém la cac thiét bi do kiém bao gom: thiét bi do tiéu
hao va diéu chinh nhiét do nhién liéu ki€u khéi lvgng AVL
733S va 735S; cdm bién 4p sudt xy lanh QC33C va thiét bj
thu nhan di liéu Indicating véi phan mém Indiwin c6 chiic
nang do dién bién &p suat trong xylanh theo géc quay truc
khuyu; thiét bi cung cdp va diéu chinh nhiét dé nuéc lam
mat AVL 553; voi phun ethanol dvgc diéu khién béi ECU
MotoHawk ECM-0565-128-0702-C [8] clia hang Woodward,
dac tinh mdi quan hé gitta thoi gian phun va lugng phun
dwoc xay dwng trede khi 1dp 18n ddng co. Cac théng s6 dau
vao cla ECU, hé théng cung cdp va vi tri 1dp voi phun
ethanol dugc gidi thiéu trén hinh 1.

Ché do thuc nghiém:

Thit nhat: tai clia dong co dugc lwa chon & 100%, 75% va
50% cla gia tri m6é men Ién nhéat khi three nghiém déng co
st dung nhién liéu diesel goc, cu thé la 165, 121 va 81(Nm)
trong hai trvong hop: tdc dd déng co duroc c6 dinh tai ving
mo men lén nhat 2000 vg/ph va toc dd dong co thay doi tir
1000 =+ 3500 vg/ph vai bwéc nhay 500 vg/ph.

Thit hai: thoi diém bat dau phun ethanol cla tirng voi
phun duoc diéu khién doc 1ap tai vi tri cudi nén dau chay
clia mdi xy lanh va phun I&n xupap nap nham tan dung
nhiét clia xupap gilp ethanol bay hoi t6t hon.

Thit ba: lwvgng ethanol thay thé dwoc diéu khién tang lén
bao nhiéu thi lvgng diesel duoc diéu khién giam di twong
(rng va nguoc lai bang cach diéu khién ga dé dam bao cd
dinh mé men lan lvgt & 100%, 75% va 50%. Bong thoi
lvgng ethanol thay thé I6n nhat dwoc gidi han tai hé sé A
I6n hon hodc bang 1,2 va hién tvong kich né xac dinh tir
cam bién kich né gan trén dong co. Goc phun sém diesel
bang 15 (d0) trudc diém chét trén.

Thi tw: Gid tri 4p suét trong xy lanh trong qua trinh thuc
nghiém duoc ghi nhan bang thiét bi thu nhan dir liéu
Indicating v&i phan mém Indiwin ¢é chitrc nang do dién
bién ap sudt trong xylanh theo g6c quay truc khuyu.

Bang 2. Nhitng thdng s6 co ban clia dong co D4BB

Thong s6 Giatri
K tirgor g D it iy i
Budng kinh/hanh trinh D/S (mm) | 91,1/100
Dung tich xy lanh (cm?®) 2607
Cong sudt én nhét (kW - vg/ph) 59 - 4000
M& men 16n nhat (N.m - vg/ph) 165 - 2200
Tysonéne 22
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Hinh 1. So d6 ho tri thiét bi thuc nghiém

1- Cam bién nhiét d6 nhién liéu diesel; 2-Bom cao p; 3- Cam bién vi tri ga;
4- Loc khdng kh; 5- Bam ethanol; 6- Thung chita ethanol; 7- Loc ethanol; 8- CAm
hién lwu lrong khong khi; 9- Cam hién kich nd; 10- Cam bién truc cam; 11- Cam
bién toc do dong co; 12- CAm bién nhiét do dung dich lam mat ra khai dong co;
13- Thiét bi cung cap va diéu khién nhiét d6 dung dich lam méat dong co;14- Cam
bién nhiét do dung dich lam mat vao dong co; 15- Cam bién X; 16- Cam bién ap
sudt xy lanh; 17- Voi phun diesel; 18- Voi phun ethanol; 19- May tinh; 20- Thiét
bi phan tich khi x&; 21- Thiét bi x(t Iy trung tAm; 22- Thiét bi do ap suét xy lanh;
23- Thiét bi cung cép, do tiéu hao va diéu chinh nhiét do nhién ligu; A-Tin hiéu
vao: B-Tin hiéu ra; ECU- B9 diBu khién dién t.

3. XAY DUNG MO HINH TRUYEN NHIET
3.1. Co's@ ly thuyét xay dwng mo hinh truyén nhiét

Nhiét truyén cho xy lanh dwgc xac dinh theo dinh luat
Newton, theo cac nghién ctru [3-5] nhiét lvgng truyén cho
xy lanh dugc xac dinh nhu sau:

dQy _dQy dt _ )y, (T —TW).i (I/rad)

do dt de ¢ 0

Trong dé:

A: Dién tich tirc thoi clia thanh budng cong tac xy lanh
(m?);

h,: Hé s6 truyén nhiét (W/m?’K);

T: Nhiét do khi thé trong xy lanh (K);

T.. Nhiét dé vach xi lanh (K);

o,: Van toc goc cla truc khuyu dong co (rad/s).

Hé sb truyén nhiét h, c6 nhiéu phrong phap tinh khac
nhau nhu: Annand, Woschni, Le Feuvre, Nusselt, Briling,
Elser, Eichelberg,... Trong bai bao nay, nhém tac gia st
dung phuong phap Eichelberg vi phvong phéap nay don
gidn, phu hop véi dong co budng chay ngan cach, dong
thoi khi ap dung vao md hinh dadm béo chinh xac.

(1)
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Theo phuong phap nay hé s6 truyén nhiét duoc xac
dinh theo nghién ctru [6] nhu sau:

hy =2,43. (p.T)"2 (S,)"* (W/m?K) 2

Trong dé:

p: Ap suét xy lanh (KN/m?);

T: Nhiét do khi thé trong xy lanh (K);

S, T6c do trung binh cda piston (m/s).

Tl d6 ta xac dinh dwgc nhiét lvgng truyén qua vach
xy lanh theo biéu thic (1).
3.2.Co'so ly thuyét tinh toan ap suat xy lanh

Pé tinh toan ap suat xy lanh ta st dung phwong trinh
nhiét dong th nhat cho moi chat trong xy lanh duoc gi6i
thiéu trong cong thrc sau:

&:%4_ 'd_V_i_tht +hin'dmin _hom'dmout (J/S) (3)

d dt dt dt dt dt

Trong d6: dQ,/dt: Téc dd tda nhiét (J/s); dU/dt. T6c do
bién thién ndi nang do nhiét do khi thay d6i (J/s); p: Ap suét
xy lanh (N/m?); dv/dt: Téc d6 thay ddi thé tich cong tac clia
xy lanh (m3/s); dQy,/dt: Téc dd truyén nhiét cho xy lanh (J/s);
h,,; Entanpi cla khi nap (J/kg); h,,. Entanpi cta khi thai
(J/kg); dm,/dt: Toc dd thay ddi lwgng khi nap (kg/s);
dm,,/dt: T6c do thay dai lwgng khi thai (kg/s).

St¢ dung phuong trinh trang thai khi Ii tuéng
p.V = m,.R.T, vi phan hai vé roi thé vao phuwong trinh (3)
ta duoc:

dQ, _ v

dV+ 1 V%

dt  y-1Tdr y-1 ) dt ) (4)
+ tht + hin' dmin _hout' dmout
dt dt dt
Hay:
dQ,, _ Y dl+ dQ,,
dt  y-1" dt dt
dm, dm
+hin' in ot out
dt 1
—V
y-1
Trong dé:

v. Chi s6 doan nhiét;

V: Thé tich cong tac ctia xy lanh.
4. KET QUA VA BAN LUAN

Trén co s& ly thuyét trén, nhém tac gia da xay dung
dwoc mo hinh truyén nhiét cila déng co diesel D4BB khi st
dung ludng nhién liéu diesel-ethanol bang phan mém
Matlab simulink, cu thé duoc thé hién trén Hinh 2.

Sau khi xay dung dwgc mo hinh truyén nhiét, nhém tac
gia tién hanh xay dwng mo hinh chay [1], tir d6 xay dung
mo hinh dong co diesel st dung ludng nhién liéu diesel-
ethanol.
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Hinh 2. M hinh truyén nhiét

Teyl_1- Nhiét dd xy lanh s6 1 (K); ne- T6c dd dong co (vg/ph); Sp- Téc do
trung binh cia piston; function xi- Ham xéc dinh chuyén vi clia piston; Ahp- Dién
tich truyn nhiét (m?); Tcool- Nhiét dd nuéc lam mat; Function hg by Eichelberg
stone- Khdi xac dinh hé s6 truyén nhiét theo phuwong phap Eichelberg hg;
Function dQht by Eichelberg stone (W/m2K)- Khdi xac dinh toc d@ truyén nhiét
theo phuong phép Eichelberg (J/rad).

Pé danh gia do tin cay clia md hinh truyén nhiét, nhém
tac gia tién hanh so sanh ap suét xy lanh tir m6é hinh mé
phéng véi ap suét do tlr thuc nghiém. BE danh gia sai s6
trung binh cla ap suét xy lanh trong mot chu ky ta st dung
biéu thtc (6).

720

720
0 pmodel__[o pexp

720

Sai s6 trung binh p = .100%  (6)

0 pexp

Trong dé:

Prmoder. AP sUAt xy lanh trén mo hinh déng co (N/m?);

Pexp: AP sudt xy lanh thuc nghiém dong co (N/m?).

Panh gia sai s6 trung binh cla ap suat xy lanh dong co
dwoc thuc hién trong hai truong hop sau: Bong co st dung
nhién liéu diesel nguyén ban va dong co st dung ludng
nhién liéu diesel-ethanol. Hai truong hgp nay lan lvgt dwgc
trinh bay sau day.

Truwong hop dong co st dung nhién liéu diesel goc:

Dién bién &p sudt xy lanh gilta md phéng va thuc
nghiém doéng co st dung nhién liéu diesel nguyén ban
theo t6c do6 dong co thay doi trong khoang tir 1000 vg/ph
dén 3500 vg/ph & ché dd 100% tai dugc thé hién cu thé
trén hinh 3.

K&t qua cho thdy: Thoi diém bat dau chay gitta mod
phong va thue nghiém la pht hop cd sai léch khdng dang
ké. Suon tang va giam clia duong dién bién ap suét gita
mo phéng va thyc nghiém bam sat nhau. Sai s6 trung binh
cla ap suat xy lanh d&u nhé hon 1,24% gilra md phéng va
thuc nghiém ddng co sit dung nhién liéu diesel nguyén ban
trén toan dai téc do dong co & ché do 100% tai.

-40 -30 20 -10 o 10 20 30 40
Goc quay truc khuyu (dd)

—— P model 100256 tiai ne__1000
————— P_ exp 10026 tai ne__1000

— — — P_model 10026 tiai ne_1500
— P_exp 10026 tai ne_1500

— — P_model 10026 tai ne_2000
-P_exp 10026 tai ne_2000

a) Tai cac tdc do dong co 1an lwot 1a 2000; 1500; 2000 (vg/ph)

Ap suat xy lanh (bar)

-40 -30 -20 -10 o 10 20 30 40
Go6c quay truc Kkhuyu (dé)

—P_model 100%6 tii ne_2500

————— P_exp 100%6 tai ne_2500

— — —P_model 10026 tiai ne_3000

- P_exp 100%06 tiai ne_3000

— — P_model 10026 tiai ne_3500

— - —P_exp 100%6 tiai ne_3500

b) Tai cc toc d6 dong co 1an legt 1a 2500; 3000; 3500 (vg/ph)
Hinh 3. Dién bién &p sudt xy lanh gitra m phdng va thuc nghiém dong co s
dung nhién liéu diesel nguyén ban

P_model- Ap sudt xy lanh trén mé hinh; P_exp- Ap sudt xy lanh thuc nghiém

Truwong hgp ddng co st dung ludng nhién liéu diesel-
ethanol:

Dién bién ap suat xy lanh gitta md phdng va thuc nghiém
dong co str dung lvdng nhién liéu diesel-ethanol tai toc do
dong co 2000 (vg/ph) & cac ché do 50%, 75%, 100% tai voi
cac ty I& ethanol thay thé khac nhau duoc thé hién cu thé lan
lrot trén cac hinh 4 dén 6 va bang 3.

Trong trwong hop déng co st dung luvdng nhién liéu
diesel-ethanol, két qua cho thay thoi diém bét dau chay 1a
phl hop sai léch khong dang ké; suwon tang va gidm ap suét
bam sat nhau; sai s6 trung binh cla &p suét xy lanh gitta mo6
phéng va thuc nghiém dong co tai tdc d6 déng co 2000
(vg/ph) véi cac ty |é ethanol thay thé khac nhau & cac ché do
50%, 75%, 100% tai dat 2,76% tai 50% tai, 3,65% tai 75% tai
va 2,41% tai 100% tai. Tlr d6 cho thdy sai s6 trung binh cla
&p suét xy lanh gitta mé phéng va thuc nghiém trong ca ba
ché do tai dat 2,94%.

Tl cac phan tich trén cho thady mo hinh truyén nhiét dam
bao tin cay, tlr d6 cho phép cé thé st dung mé hinh nay dé
xay ding mé hinh chay va md hinh dong co st dung lvdng
nhién liéu diesel-ethanol.
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Bang 3. Dién bién &p suat xy lanh giiramd phong va thue nghiém doing co lung nhién liéu diesel-ethanol tai ché do toc dd dong co 2000 (vg/ph) vbi cac ché do ti
50%, 75% va 100%

Tai: 50% 75% 100%
vk (f)z;*_y the 0 25,88 19,29 26,51 7,68 19,77
TT | CA(deg) [model (bar) | exp (bar) |model (bar) | exp (bar) |model (bar) | exp (bar) |model (bar) | exp (bar) |model (bar) | exp (bar) {model (bar) | exp (bar)
1 -40 9,39 9,27 9,39 8,92 9,39 8,03 9,39 8,07 9,39 8,96 9,39 8,98
2 -30 14,79 14,50 14,79 14,01 14,79 12,38 14,79 12,45 14,79 14,13 14,79 14,12
3 -20 24,38 23,62 24,38 22,82 24,38 20,19 24,38 2021 24,38 23,05 24,38 23,04
4 -10 40,31 38,33 40,31 37,23 40,31 34,30 40,31 34,27 40,31 37,95 40,31 37,86
5 0 4740 46,73 46,37 44,87 46,53 45,33 46,38 44,96 54,79 55,43 53,68 53,57
6 10 65,55 66,52 64,85 67,38 70,90 72,22 72,10 73,70 77,74 7744 76,33 78,37
7 20 48,24 46,10 4877 4719 59,60 5847 61,26 60,60 57,94 56,44 59,59 57,28
8 30 30,94 29,62 3,34 29,56 38,53 39,52 38,06 39,70 40,10 38,32 40,54 38,62
9 40 19,52 18,92 19,78 18,80 23,98 25,94 23,21 2537 27,54 26,73 27,13 26,53
o~ l_—_l___l___Be__—_I___l___l___l ,:l'__T"_T__‘I90‘—
= 1 1 1 1 1 1 1 1 1 1 1
& === i
R R
S po-rboor--se- E
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@ 1 -
=8 ! g
-t 1
1 \< '
1
i I 1s y 1 1 ¢
-40 -30 20 -10 0 10 20 30 40
Goéc quay truc khuyu (dé) -40 -30 20 -10 0 10 20 ?0 40
——©P _model 50% tiai EDO Go6c quay truc Khuyu (d9)
— —P_exp 50% tiai EDO ——©P model 75% tii ED19.,29
a) Ty |& ethanol thay thé bang 0% —me==l_XD 12000 lf:D19’29
a) Ty |8 ethanol thay thé bang 19,29%
: I"_I'_'I"_Se— [~ - T~ T-~=-T— 71
B e (e A e e ey e ~ r--am--r---96-
~ | 1 1 1 1 1 1 1 - 1 1 1 1
= L T~ [ P R S A Jamp— e :'——':———r——-:*se—
= = Fem—dA—— = —-=-0- 1
= | 1 1 1
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o e
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Z
o FTTTaT T
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-40 -30 20 -10 0 10 20 30 40 ' ' ' -
G6c quay truc khuyu (dg) 40 -30 20 -10 0 10 20 30 40
P_model 50% tii ED25,88 Goc quay truc khuyu (dd)
— — P_exp 50% tai ED25,88 —— P _model 75% tai ED26,51
b) T§/1¢ ethanol thay thé bing 25,88% = F_ep 5%t KD26,51
Hinh 4. Dién hién 4p suét xy lanh giita md phéng va thue nghiém dong co o b)Ty ¢ ethanolthay thé bang 26,29% .
IiGing nhién liéu diesel-ethanol tai ché do toc do dong co 2000 (vg/ph) va 50% téi Hinh 5. Dien bién p suat xy lanh gitta md phdng va thyc nghiém dong co

EDxv- T§ I8 ethanol thay thé véi xx 2 s6 % ethanol theo khi lvong luGing nhién liéu diesel-ethanol tai ché do tc do dong co 2000 (vg/ph) va 75% tai
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-40 -30 -20 -10 0 10 20 30 40
Go6c quay truc khuyu (dg)
—©P_model 100% tai ED7,68
— —P_exp 100% tai ED7,68
a) Ty Ié ethanol thay thé bang 7,68%
rFr==F T - 'I'90' 7

~~
; 1 1 1 1
S r--r--+--180-1
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-40 -30 -20 -10 0 10 20 30 40
Goc quay truc khuyu (do)
P _model 100% tii ED19,77
— —P_exp 100% tai ED19,77
b) Ty Ié ethanol thay thé béng 19,77%

Hinh 6. Dién bién &p sudt xy lanh gitra md phdng va thyc nghiém dong co
[uGing nhién liéu diesel-ethanol tai ché dg toc do dong co 2000 (vg/ph) va 100% tai
5.KET LUAN

Tl cac két qua nghién ctru da phan tich & trén, cho thay
mo hinh truyén nhiét da xay dwng ddm bao chinh xac, cé
thé slir dung mé hinh dé xay ding mé hinh chay, déng thoi
la co s& cho xay ding mé hinh dong co diesel D4BB khi st
dung lvdng nhién liéu diesel-ethanol.
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