HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Nghlen ciru thue nghlem danh gia anh huong cua ty 1€ ethanol
thay thé dén hé s6 du lwong khong khi A d6i véi dong co
st dung lwong nhién liéu diesel-ethanol

Experimental evaluation of alternative ethanol rates’ effects
on relative A air/fuel ratio of diesel engines using diesel-ethanol dual fuel

Nguyén Thanh Béc"", Tran Anh Trung’

'Khoa Céng nghé Oté, Truwong Pai hoc Cong nghiép Ha Nji
*Vién Co khi Dong luc, Triweong Dai hoc Bach khoa Ha Noi
* Email: bacnt@haui.edu.vn/ ntbac. haui. hust@gmail.com

Toém tit

Twr khoa:

bong co ludng
nhién liéu diesel-
ethanol; Hé s du
lugng khong khi;
Ludng nhién li€u;
Ludng nhién li¢u
diesel-ethanol.

Viéc nghién ciru phat trién va ing dung cac loai nhién liéu thay thé dang 1a xu huéng chung
ctia nhiéu nudc trén thé gidi nham lam giam sy phy thudc vao nhién li¢u hoa thach, dam bao
an ninh nang luong cling nhu giam tac dong t6i moi truong dac biét la khi gdy hiéu ung nha
kinh. Trong do, ethanol dwoc xem 13 mét trong cac nhién liéu tiém nang str dung cho dong co
diesel. DA c6 nhidu cong trinh trong va ngoai nudc nghién ciru thyc nghiém danh gia anh
huong cua ty 16 LPG, CNG thay thé dén hé s6 du lugng khong khi A d6i véi dong co diesel sit
dung ludng nhién liéu diesel-LPG, diesel-CNG. Tuy nhién chua c6 cong bd nao vé nghién
ctru thye nghiém danh gia anh huong ciia ty 18 ethanol thay thé dén hé s6 du lugng khong khi
A d6i voi dong co diesel sit dung ludng nhién li¢u diesel-ethanol ma ty 1€ ethanol thay thé
duge diéu khién linh hoat phu hop véi cac ché d6 1am viéc khac nhau cua dong co. Phuong
phéap diéu khién ty 1¢ ethanol thay thé sir dung trong nghién ctru nay khac véi cac cong trinh
da cong bd, cac cong bd trude day chi danh gia anh huong cua ty 1¢ ethanol thay thé khi dung
hén hop diesel-ethanol hoa trdn trude va phun voéi ty 1¢ ethanol thay thé ¢b dinh 5%, 10%,
20% ... Bai bao nay trinh bay nghién ctru thuc nghiém danh gia anh hudng cta ty I¢ ethanol
thay thé dén hé s6 du luong khong khi A ddi v6i dong co sir dung ludng nhién liéu diesel-
ethanol. Két qua thyc nghiém cho thay hé s6 du luong khong khi A déu 16n hon 1,2 cho thay
dam bao diéu kién lam viéc binh thuong cia dong co diesel néu xét theo tiéu chi nay.
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The research, development and application of alternative fuels is a common trend in many
countries around the world, in order to reduce their dependence on fossil fuels, to secure
energy security and to reduce the impact on the environment, especially greenhouse gases.
In particular, ethanol is considered one of the potential fuels for diesel engines. There have
been many domestic and foreign research projects to evaluate the effect of LPG, CNG
replacement ratio on relative air/fuel ratio A for diesel engines using diesel-LPG and diesel-
CNG. However, no published empirical study has evaluated the effects of alternative ethanol
rates on relative air/fuel ratio A for diesel engines using diesel-ethanol. This paper presents
an empirical study evaluating the effect of alternative ethanol rates on relative air/fuel ratio A
on diesel engine using diesel-ethanol dual fuel which the alternative ethanol rates was
controlled conform to different engine modes. The method of controlling alternative ethanol
ratio used in this research is different from other published researches, as previous published
researches only evaluated the effects of alternative ethanol rates while using blended diesel-
ethanol and spraying with alternative ethanol rates of 5%, 10%, 20%... Experimental results
show that relative air/fuel ratio A is greater than 1.2, indicating that the normal working
conditions of the diesel engine are ensured according to this criterion.
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1. PAT VAN DE

Khi chuyén ddi dong co diesel thanh dong co str dung ludng nhién li¢u diesel-ethnol theo
phuong phap phun ethanol vao duong nap, ngoai nguyén tac phai duy tri dugc cong suat va mo
men nhu dong co nguyén ban thi cling can phai dam bao gidi han khoi den, gidi han nay dugc
danh gia qua thong s6 h¢ s6 du luzong khong khi A.

Trong khuon khd bai bao ndy, nhom tac gia trinh bay nghién ctru thyc nghiém danh gia
anh huong cua ty 1¢ ethanol thay thé dén hé s6 du lwong khong khi A d6i véi dong co diesel sir
dung ludng nhién li¢u diesel-ethanol.

2. POI TUQNG NGHIEN CUU VA CHE PQ THUC NGHIEM

Nghién ctru st dung hai loai nhién li¢u la diesel va ethanol v&i mot sb tinh chit co ban
dugc trinh bay trong Bang 1.

Bang 1. Cac thong s6 ky thuat ciia nhién liéu diesel va ethanol [6]

Théng s6 Diesel Ethanol
Khdi lugng riéng ¢ 20°C (kg/m®) 856 785
He¢ s6 khong khi 1y thuyét (kgu/kg,) 14,7 8,96
Nhiét tri thap (MJ/kg) 41,66 26,8
Nhiét héa hoi (kJ/kg) 270 840
Nhiét do t chay (K) 500 665
Tri s6 xé tan 45 +50 5+8

bong co thir nghi€ém dugc lua chon 1a loai dong co diesel D4BB 4 xy lanh, 4 ky, buéng
chay ngan cach IDI (Indirect Injection), sir dung bom phan phéi lap trén xe tai 1,25 tin cua hing
Huyndai, cac thong sb co ban ciia dong co dugc trinh bay trong Bang 2. Pong co dugc dit trén
bang thir dong lyc hoc cao APA 100 thudc Phong thi nghiém Pdng co dbt trong, Truong Dai hoc
Béch khoa Ha Noi. Di kém 1a cac thiét bi do kiém bao gom: thiét bi do tiéu hao va diéu chinh
nhiét @6 nhién liéu kiéu khdi lwong AVL 733S va 735S; cam bién ap suit xy lanh QC33C va
thiét bi thu nhan dit liéu Indicating v6i phan mém Indiwin c6 chirc ning do dién bién ap suét
trong xy lanh theo goc quay truc khuyu; thiét bi cung cip va diéu chinh nhiét d6 nudc lam mat
AVL 553; voi phun ethanol dugc diéu khién béi ECU MotoHawk ECM-0565-128-0702-C [7]
ctia hing Woodward, dic tinh mdi quan h¢ gifra thoi gian phun va lugong phun dugc xay dung
truge khi ldp 1én dong co. Cac thong sd dau vao cua ECU, hé thong cung cip va vi tri lap voi
phun ethanol dugc gidi thi€u trén Hinh 1.

Bang 2. Nhimng thong sb co ban ciia dong co D4BB [5]

Thong s Gia tri

Dong co diesel 4 ky, 4 xy lanh thang hang, 8 xupép,

Kiéu dong co budng chay ngan cach.

Buong kinh/hanh trinh D/S (mm) 91,1/100
Dung tich xy lanh (cm’) 2607
Cong suit 16n nhét (kW — vg/ph) 59 —4000
Mo men 16n nhat (N.m — vg/ph) 165—-2200

Ty sdnén e 22
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]
AVL 753
AVL 7338

Hinh 1. So d b0 tri thiét bi thyc nghiém
1- Cam bién nhiét d6 nhién liéu diesel; 2-Bom cao ap; 3- Cam bién vi tri ga; 4- Loc khong khi; 5- Bom ethanol;
6- Thung chura ethanol; 7- Loc ethanol; 8- Cam bién luu luong khong khi; 9- Cam bién kich n6; 10- Cam bién truc
cam; 11- Cam bién toc do dong co; 12- Cam bién nhiét do dung dich lam mat ra khéi dong co; 13- Thiét bi cung cép
va diéu khién nhiét d6 dung dich 1am mat dong co;14- Cam bién nhiét do dung dich lam mat vao dong co;
15- Cam bién A; 16- Cam bién ap suat xy lanh; 17- Voi phun diesel; 18- Voi phun ethanol; 19- May tinh; 20- Thiét
bi phan tich khi xa; 21- Thiét bi xtr Iy trung tam; 22- Thiét bi do ap sudt xy lanh; 23- Thiét bi cung cép, do tiéu hao
va diéu chinh nhiét do nhién liéu; A-Tin hi¢u vao; B-Tin hiéu ra; ECU- B¢ diéu khién dién tur.

Ché d¢ thue nghiém:

Tai cia dong co duoc lya chon ¢ 100%, 75% va 50% cua gia tri mé men 16n nhét khi thuc
nghiém dong co su dung nhién li¢u diesel géc, cu thé 1a 165, 121 va 81(Nm) trong hai truong
hop: tdc d6 dong co dugc c¢b dinh tai viing md men 16n nhat 2000 vg/ph va toc do dong co thay
d6i tir 1000 + 3500 vg/ph v6i bude nhay 500 vg/ph.

Thoi diém bit dau phun ethanol ciia timg voi phun duge didu khién doc lap tai vi tri cudi
nén dau chay ciia mdi xy lanh va phun 1én xupap nap nhiam tan dung nhiét cta xupap gitp
ethanol bay hoi tt hon.

Luong ethanol thay thé dwoc didu khién ting 1én bao nhiéu thi lwong diesel duoc diéu
khién giam di twong ing va nguoc lai bang cach diéu khién ga d¢é dam bao ¢ dinh md men lan
luot & 100%, 75% va 50%. Dong thoi lugng ethanol thay thé 16n nhét duoc gidi han tai hé sé A
16n hon hoac béng 1,2 va hién tuong kich nd xéac dinh tir cam bién kich nd gén trén dong co. Goc
phun sém diesel bang 15 (d6) trudc diém chét trén.

Tiéu hao nhién lidu diesel dugc do bang thiét bi do tiéu hao va diéu chinh nhiét d6 nhién
licu kiéu khoi luong AVL 733S va 735S. Ti€u hao nhién li¢u ethanol dugc xac dinh trén co s¢
dac tinh thyc nghi¢m cia voi phun ethanol.

Gia tri md men va cong sut dong co duoc do bang biang thir tinh ning dong luc cao AVL
APA 100.
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Phuong phap va thuat toan diéu khién phdi hop ludng nhién liéu da dugc nhoém tac gia
trmh bay trong nghién ctru [3] Pé do hé s6 du luong khong khi A khi nghién ctru thuc nghiém
can thiét phai sir dung cam bién L. Pic diém cua loai cam bién nay duoc gidi thiéu sau day.

3. CAM BIEN LAMBDA

Cam bién lambda duogc sir dung dé do hé s6 du luong khong khi A trong khi xa dong co a6t
trong n6i chung trong d6 c6 dong co diesel, dugc bb tri lip dit tai dau ra cua cum duong 6ng tha1
dong co (Hinh 1). Cam bién dugc st dung 1a loai LSU 4.9 ¢6 dai do A tur 0,65 + 10,1. Mot sb
thong sb co ban ctia cam bién lambda LSU 4.9 duoc thé hién trong Bang 3.

Bang 3. Thong s co ban cia cam bién LSU 4.9 [4]

Théng s Gia tri
Dai do A 0,65 + 10,1
Nhién li¢u twong thich Xang/Diesel/E85
Ap suit khi xa <2,5 bar
Nhiét do khi xa <930°C
bién ap nguén cép 10,8 + 16,5V

Hinh anh cam bién lambda LSU 4.9 dugc thé hién nhu Hinh 2.

Hinh 2. Cam bién LSU 4.9

4. KET QUA VA BAN LUAN

Ngoai diéu kién khong kich nd da xét ¢ trén, hé s6 du lugng khong khi cta dong co phai
16n hon giéi han khoi den [1-2]. Pic tinh khoi den 13 dic tinh téc do trong d6 voi mdi toe vong
quay dong co, co cau diéu khién bom cao 4p déu ndm & vi tri bat ddu nha khoi den trong khi xa.
Theo céc nghién ciru nay d6i voi dong co diesel thong thuong hé sé du lugng khong khi A 16n
hon hodc bang 1,1 thi dam bao dong co khong nha khéi den trong khi xa. Dic tinh nha khoi den
d3 duoc dé cap chi tiét trong nghién ctru [2]. Két qua hé sb du lwong khong khi A cia dong co sir
dung ludng nhién li€u diesel-ethanol tai cac ché do tai 50%, 75%, 100% & tbc do dong co 2000
vg/ph theo ty 1& ethanol thay thé dugc thé hién trén Hinh 3. Qua d6 cho thiy & ché d6 50% tai hé
s6 du lugng khong khi A déu 16n hon 2,63; & ché do 75% tai hé s6 du lugng khong khi A déu 16n
hon 1,89; & ché d6 100% tai hé s6 du lwong khong khi A déu 16n hon 1,3 vé ly thuyét bao dam
ngoai gidi han khéi den ddi voi budng chay ngin cach [1-2]. Nhu vay cho thiy dong co sir dung
ludng nhién li¢u diesel-ethanol lam viéc binh thuong theo diéu kién hé sé A.
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Dong thoi tir két qua bién thién cua hé s6 du lwong khong khi A do trén duong thai theo ty
1¢ ethanol thay thé dugc thé hién ¢ Hinh 3 cho thiy tai 50% va 75% tai A ¢6 xu huéng dam lén,
trong khi tai 100% tai A co xu hudng nhat di. Piéu nay c6 thé 1a do tai tai thap hiéu qua sinh
cong cua luong nhién liéu ethanol thém vao thap hon & tai cao, dan toi lugng nhién lidu diesel tai
tai thap giam di dé giit mé men thay d6i khong dang ké, két qua Ia phai cin nhiéu khong khi dé
d6t hdn hop hon lam giam lwong oxy trong khi thai, tai tai cao (100%) hiéu qua sinh cong ctia
ethanol cao hon dan téi lugng diesel giam nhiéu hon, trong khi ty 1¢ khong khi trén nhién li¢u
cua diesel cao hon ethanol, hé qua la A tang lén.
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Hinh 3. Hé s6 du luong khong khi A tai céc tai 50%, 75%, 100%, tdc do dong co duoc gitr on dinh
bang 2000 vg/ph khi thay d6i ty 1€ ethanol thay the

Két qua hé sé du luong khong khi A ciia dong co sir dung ludng nhién liéu diesel-ethanol &
ché d6 thuc nghiém tai cac tai khac nhau 50%, 75%, 100% va tbc d6 dong co dugc thay doi tir
1000 + 3500 vg/ph theo budc nhay 500 vg/ph khi thay doi ty 1¢ ethanol thay thé dugc thé hién
trén Hinh 4. Qua do6 cho thiy tai cac ché d6 tai khac nhau hé s6 du lwong khong khi A cling déu
giam dan khi ting toc do dong co trong ca hai trubng hop ¢o phun ethanol va khong phun
ethanol. Trong truong hop c¢6 phun ethanol hé s6 A giam khi ting toc d6 dong co 1a do ty 1é
ethanol thay thé giam khi ting téc do ~dong co nhu da trinh bay trong ndi dung cua phan mdi
quan h¢ giita ty 1¢ ethanol thay thé va téc do dong co.

Qua Hinh 4 ciing cho thiy & ché do tai thip 50% cho thdy hé sé du lugng khong khi A
trong trudng hop c6 phun ethanol nhd hon trong truong hop khong phun ethanol. Piéu nay cé
thé 1a do tai ché do tai nay oxy trong trong nhién lidu ethanol d& két hop véi cacbon tao thanh khi
CO lam cho phat thai CO tang cao.

Két qua trén Hinh 4 ciing cho thiy hé s6 A ctia dong co nguyén ban xap xi 1,1 va it thay
d6i khi tang téc d6 dong co. Trong khi trudng hop co phun ethanol, hé s6 A giam tir 1,45 & toc
d6 1000 vg/ph xubng 1,25 & 3500 vg/ph. Bién thién ciia hé sé A & trudng hop c¢6 phun ethanol
dong dang véi ty 18 ethanol thay thé, dong thoi hé sd A trong truong hop niy cao hon dong co
nguyén ban 1a do trong ethanol c6 chira oxy.
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1000 1500 2000 2500 3000 3500
Toc dd déng co’ (ve/ph)
50% tii phun ethanol —&— 75% tii phun ethanol
= 100%b tii phun ethanol ®--50% tii khong phun ethanol
— ® — 75% tii khong phun ethanol —=& -100% tii khéng phun ethanol

Hinh 4. H¢ s6 du lugng khong khi A theo tdc do tai cac ché do tai khac nhau

5. KET LUAN , q
Tai céc ché dg tai khac nhau 50%, 75%, 100% & toc do dong co 6n dinh 2000 vg/ph khi

tang ty 1& ethanol thay thé tir khong phun ethanol thi: Hé s6 du lwong khong khi A déu 16n hon
1,2 cho thay dam bdo dic¢u kién A 16n hon 1,1 [1-2]. Tur d6 cho thay dong co lam viéc binh

thuong khong nha khoi den trong khi xa. i
Tai cac che do tai 50%, 75%, 100% theo toc do dong co voi ty 1€ ethanol thay thé thay doi

s0 vo1 trudng hop chay diesel gdc tai ciing ché do thi: He s6 du lwong khong khi A déu 16n hon
1,2 dam bdo diéu kién A 16n hon 1,1 [1-2]. Tt d6 cho thay dong co lam vi¢c binh thuong khong

nha khoi den trong khi xa.

DANH MUC DANH PHAP/KY HIEU

APA 100 Bang thtr dong luc hoc cao

AVL 553 thiét bi cung cip va diéu chinh nhiét d¢ nudc lam mat
AVL 733§ Thiét bi do tiéu hao nhién liéu

AVL 7358 Thiét bj didu chinh nhiét d6 nhién liéu

CNG Khi nén thién nhién (Compressed Natural Gas)
D4BB Dong co diesel 4 ky 4 xy lanh

ECU B¢ diéu khién dién tir

IDI Budng chay ngin cach (Indirect Injection)
LPG Khi héa long (Liquefied Petroleum Gas)

LSU 4.9 Cam bién lambda
QC33C Cam bién ap suat xy lanh
A Heé s6 du lugng khong khi
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