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NGHIEN CU'U THUC NGHIEM DAC TINH EXERGY
VA PHAT THAI CUA DONG CO LUGNG NHIEN LIEU DIESEL-CNG

AN EXPERIMENTAL INVESTIGATION OF EXERGETIC PERFORMANCE AND EMISSION CHARACTERISTICS

OF DIESEL-CNG DUAL FUEL ENGINE

TOM TAT

Trudc nguy cd can kiét nguon nhién liéu héa thach truyén thong va tinh
trang 6 nhiém moi trudng tir khi thai clia dong co diesel, viéc nghién ctu st dung
luGng nhién liéu diesel - khi thién nhién nén (CNG) trén dong ca diesel hién hanh
da dugc quan tam tir [du. Van dé la can danh gia xem dong co c6 dam bao tinh
nang lam viéc khi chuyén sang sir dung luGng nhién liéu Diesel-CNG (D-CNG) hay
khong. Bai bao nay trinh bay két qua nghién ctiu thuc nghiém danh gia tinh ndng
kinh t€, ki thudt cla dong co diesel hién hanh khi st dung lugng nhién liéu
D-CNG dua trén phan tich hiéu sudt exergy va ddc diém phat thai cda dong co.
V6i muc dich nay, dng co Kubota SKD80 dugc hodn cai dé thuc nghiém st dung
lung nhién liéu D-CNG vdi nhién liéu (NG dugc cap vao dudng nap va nhién liéu
diesel dugc phun moi. K&t qua phan tich hiéu sudt exergy clia dong co & cac ché
d0 tai khac nhau cho thay khi st dung CNG, hiéu suat exergy cta ddng co tang va
t6n that va tiéu hao exergy giam, phat thai khéi giam déng ké.

Tirkhoa: Exergy, phdn tich hiéu sudt exergy, dong co luGng nhién liéu D-CNG.

ABSTRACT

Facing the risk of fossil fuel depletion and environmental pollution from
diesel engine exhaust, the study of using diesel-compressed natural gas (CNG)
dual fuel on current diesel engines has long been of interest. The problem is
whether the engine can ensure performance when switching to using D-CNG
dual-fuel or not. This paper presents the results of an experimental study to
evaluate the econo-technical characteristics of the current diesel engine when
using D-CNG dual-fuel based on the analysis of engine exergy efficiency and
emission characteristics. For this purpose, a Kubota SKD80 engine was converted
to experimentally study the use of D-CNG dual fuel with CNG fuel being fed into
the intake manifold and diesel being pilot fuel. The results of the analysis of the
engine's exergy performance at different load conditions show that when using
(NG, the exergy efficiency of the engine increases, the exergy loss and exergy
destruction are reduced, and smoke emissions are significantly reduced.

Keywords: Exergy, exergy analysis, D-CNG dual-fuel engine.
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1.PAT VAN DE

Su gia tang nhanh s6 lugng cac phuong tién va thiét bi
dong lyc trang bi dong co diesel s dung nhién liéu diesel
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g6c héa thach dang gay can kiét nhanh nguén nhién liéu nay
va gay 6 nhiém moi trudng do phat thai nhiéu cac chat doc
hai nhu CO, HC, NO, va khoi bui (PM) [1]. D& khic phuc tinh
trang nay, viéc nghién ctu st dung nhién liéu thay thé co tri
lugng I6n va phat thai déc hai thap nhu khi thién nhién nén
(CNG) trén dong co diesel dang rat dugc quan tam [2-4]. CNG
rat kho tu chdy nén dé si dung trong déng co diesel, CNG
thuong dugc st dung phéi hgp véi nhién liéu diesel & dang
luéng nhién liéu D-CNG (D-CNG), trong dé diesel dugc phun
méi vao hén hgp khong khi - CNG dé khdi tao qua trinh chay
[4-6]. Trong ddng co ludng nhién liéu D-CNG chuyén déi tu
déng co diesel hién hanh, CNG thudng dugc cung cap vao
dudng nap dé tao hén hop trudc véi khong khi, con nhién
liéu diesel van dugc phun tryc ti€p nhu & dong co nguyén
thay nhung luong cdp chu trinh dugc diéu chinh giam [4].
Pac tinh lam viéc va phat thai ctia dong co ludng nhién liéu
D-CNG bi anh hudng rat I6n bdi cac thong sé clia ddng co va
dac diém cung cap ludng nhién liéu [5]. Néi chung, phat thai
NO va soot clia dong co D-CNG giam dang ké so véi dong co
thuan nhién liéu diesel & cing ché d6 tai trong khi hiéu suat
6 ich clia dong co dugc cai thién & hau hét cac ché dé lam
viéc [4, 5]. Tuy nhién, mét s6 nghién cdu cho thay & tai nho,
phat thai CO va HC clla déng co D-CNG lai cao hon va hiéu
sudat lai thap hon so véi déng co thuan diesel [7, 8]. Cho nén,
dé danh gia hiéu qua sir dung D-CNG lam nhién liéu thay thé
trén déng ca diesel hién hanh, can nghién ctiu danh gia dac
tinh lam viéc va phat thai cling nhu tén that bén trong cla
déng ca khi sit dung ludng nhién liéu nay. Piéu nay c6 thé
thuc hién t6t nhat théng qua nghién ciu thuc nghiém phan
tich dac diém tiéu hao exergy ctia ddng co. Bai bdo nay trinh
bay két qua nghién ctu thuc nghiém danh gia hiéu suat cé
ich, hiéu suat exergy va dac diém phat thai cia dong co khi
chuyén sang st dung ludng nhién liéu D-CNG. Viéc nghién
ctu dugc thuyc hién trong phong thi nghiém trén déng co
diesel 1 xi lanh Kubota-SKD80 lam mat bang nudc kiéu doi
luu tu nhién. K&t quéa nghién clu sé lam co s& dé dua ra gidi
phap s dung hiéu qua CNG trén déng co diesel hién hanh
g6p phan gidm 6 nhiém méi trudng.
2. TRANG THIET BI VA QUY TRINH THi NGHIEM
2.1. Hé théng cung cap ludng nhién liéu D-CNG

Hinh 1 thé hién so d6 hé théng cung cap ludng nhién
liéu D-CNG trén déng co thi nghiém Kubota SKD80. Bdng
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€0 ¢6 dung tich 0,465 lit, S/D = 84/84 (mm), cong suat thiét
k& 5,15kW (7ml) & 2200v/p, mé men cuc dai dat 26,5Nm &
1800v/p, dai t6c do lam viéc 1500 - 2200v/p. Bong co sk
dung bam nhién liéu cao &p ca khi kiéu Bosch cung bo diéu
téc co khi nhiéu ché do. Bé chuyén sang st dung luéng
nhién liéu D-CNG, dong co dugc trang bi thém hé théng
phun CNG vao dudng nap va dugc thay bé diéu toc co khi
bang b diéu khién dién t& ECU. ECU diéu khién c3 lugng
phun CNG va lugng phun diesel theo ché d6 lam viéc cua
déng co. ECU cho phép két néi véi may tinh dé diéu khién
lugng phun CNG va diesel cho méi chu trinh theo y muén.
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Hinh 1. So d6 hé théng cung cap D-CNG

1. Binh CNG; 2. Van khi; 3. Van gidm ap; 4. Voi phun CNG; 5. Day tin hiéu
diéu khién voi phun; 6. ECU; 7, 8. Tin hiéu cdm bién tay ga va cdm bién tc do; 9,
10. Déy tin hiéu va mé to diéu khién bom cao &p; 11. Bom cao dp; 12. Voi phun
diesel; 13. Dong ca thi nghiém.
2.2. Hé théng bang thi va thiét bi do
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Hinh 2. So d6 Iap dat dong co va bang thir

1.Gng nap; 2. Hé thong cp CNG; 3. Thiét bi phan tich khi thai; 4. Gng thai; 5.
Hop giam toc; 6. Phanh dién; 7. o cau chinh tai; 8. Cdn mo men; 9. Cém bién téc
d0; 10. Thung nhién liéu D; 11. C&m bién tay ga

Hinh 2 thé hién cum bang tht - déng co va cac hé
théng trang thiét bi phuc vu thi nghiém gém: cum phanh
dién va dong hé do luc phanh, hép giam t6c, dung cu do
tiéu hao nhién liéu diesel, luu lugng va nhiét d6 khi nap, luu
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luong va nhiét d6 nudc lam mat ra vao dong ca tur két doi
luu, hé théng cung cap khi CNG, cac cdm bién va thiét bi
phan tich khi thai.

Ham lugng CO, CO,, HC va NO, dugc do bang cac thiét
bi phan tich khi Disgas-4000 va Heshbon HG-520. D6 chinh
xac cla thiét bi khi do CO 1a 0,01%, CO,- 0,1%, HC - 1ppm.
Do khéi dugc do nha thiét bi Heshebon HD-410 véi thang
do 0% - 100%, d6 chinh xac 1%. Luu lugng khi nap dugc do
nhé st dung tam tiét luu, luu luogng va nhiét d6 nuéc doi
luu bang céc cdm bién luu lugng va cdm bién nhiét do.

2.3. Quy trinh thi nghiém

Thi nghiém dugc thuc hién & téc d6 déng ca 2200v/p.
Trudc tién, can do céng sudt va mdé men cla déng co
nguyén thay & toan tai. Sau do thao bo diéu téc co khi, lap
hé théng cung cdp CNG, motor buéc kéo thanh rang bom
cao ap va ECU két n6i may tinh 1én dong co. Tiép theo, ti€n
hanh thi nghiém vé&i don nhién liéu diesel, diéu chinh goc
xoay motor budc sao cho c6ng suét va téc do dong co &
toan tai va khong tai phu hgp véi s6 liéu do trén dong co
nguyén ban chua thay déi gi.

Tiép nita, 8 mbi ché d6 lam viéc ti khong tai dén toan
tai, luong cap diesel dugc diéu chinh gidam dan qua giao
dién ECU trén mady tinh, déng thoi luong cdp CNG dugc
diéu chinh ting dan dé bu vao sao cho mé men déng co
khéng thay d6i cho dén khi dat dugc ti 1é cdp CNG hgp ly &
ché d6 cong sudt do. Ti 1é CNG hgp ly la ti 1é CNG 1én nhat
khéng xay ra kich nd trong khi phat thai CO, HC khéng cao.

Viéc do tiéu thu nhién liéu diesel cila déng cao khi chay
v6i don nhién liéu diesel va khi chay ludng nhién liéu
D-CNG & cung ché d6 tai sé xac dinh dugc lugng giam
diesel khi chay D-CNG so véi khi chay don nhién liéu diesel.
Lugng tiéu thu CNG khi chay ludng nhién liéu D-CNG dugc
xac dinh gan dung la:

Nhiét tri D
Nhiét trj CNG

Ti lé CNG thay thé & méi ché d6 tai dugc xac dinh bang
ti lé gidam luong cap diesel khi st dung D-CNG so véi khi st
dung don nhién liéu diesel. POng co D-CNG thudng cé ham
lugng phat thai HC 16n hon nhiéu so véi dong co st dung
don nhién liéu diesel; & tai cang nhé thi phat thai HC cang
I6n; & tai nho khi tang ti & CNG thay thé 1én trén 50% thi
ham lugng phat thai HC c6 thé tang gdp nhiéu lan [9].
Chinh vi vay, ti Ié CNG thay thé dugc diéu chinh bang 0 &
khéng tai, tuc la st dung chi don nhién liéu diesel; & toan
tai, ti 1& CNG thay thé Ia ti 1& CNG I6n nhat cho phép vé mat
kich né; & cac ché d6 khac, ti 1&6 CNG dugc chon dam bao
HC khong 16n hon gidi han dat ra
3. TINH TOAN CAN BANG NHIET VA EXERGY
3.1.Tinh toan can bang nhiét

Qo=Qc+ Qi+ Qm + (ch + ch)

Qi tinh tU phan ng chdy CO, HC trong khi thai.

Qq la nhiét téa ra moéi truong tU mat ngoai dong co,
tinh gan dang bang 5% (Qo).

Tiéu hao CNG = Lugng gidm diesel x
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Qe nhiét (ing vé&i cong suat co ich;

Hiéu sudt c6 ich: ne = Qe/Qo (1
Nhiét t8n that: Qtt = Qu + (Qim + Qi + Qu) )
3.2.Tinh toan Exergy

Exergy la phan ning luong sdn c6 cé thé st dung dugc,
trong déng co nhiét né la phan nang lugng nhiét t6i da co
thé bién d&i thanh cong co hoc.

Ex= Ew + Ekt + EIm + Etiéu hao (3)

Trong d06: Ex bang exergy c@ia nhién liéu, dugc xac dinh
theo Verma [9]

E, =E, =Q, x{1,0401 +0,1 728[ﬂ] + 0,0432[9)
C C @)

+0,2169(%){1—2’0628[%

vGi Qu la nhiét tri thap cda nhién liéu; C, H, O, S la thanh
phan khoi lugng cia C, H, O, S trong nhién liéu;

Ew= Ne la cdng sudat c6 ich.
Ex: la exergy clia khi thai:

Ew = Ekt.phisic + Ext.chemic
j
Evipnisic = nktz Y M [(h, —=h) =Ty (S, = So)]
P

+ nHZO (tho - tho0 ) - To (SHZO - SHZOO )

(5)

j
Evtchemic = nktz Yi€i +Nyo€h0 (6)
i

Eim = Qm(1 - To/Tm) la exergy clia nhiét tén that cho nudc
lam mat va moi trudng xung quanh; ng, Nk la luu lugng
mol cla khi thai va hoi nudc; y;, yk la thanh phan thé tich khi
thai; hy, hio, Sk, Sko la entanpi va entropi cta khi thai & nhiét
do dang xét va & nhiét do méi truong, My la phan tir lugng
cUa thanh phan khi k; To, Ty la nhiét d6 méi trudng va nhiét
dé trung binh cla vat truyén nhiét (nudc lam mat, mat
ngoai déng co); e, ewo la exergy hdéa nang clia cac thanh
phan khi thai va cta hoi nudc.

Hiéu sudt exergy: € = E./Es

Exergy tiéu hao trong dong co:

Etiéu hao= Es - ( Ew + Ekt + EIm)

4. KET QUA NGHIEN CUU

Thi nghiém dugc thuc hién & téc d6 doéng co 2200v/p,
tai tding dan tir nho dén cuc dai. G méi ché d6 tai (cong suat
Ne), ddng co dugc diéu chinh cung cap nhién liéu & 2 ché
do, ché d6 tha nhat la thuan diesel, ti€n hanh do céc théng
s6 lam viéc va phat thai cha dong co; sau d6 diéu chinh
gidm nhién liéu diesel va tdng CNG sao cho t6c d6 va méd
men khéng déi cho dén khi chdm xuét hién kich né hodc
HC khong tang qua Ién (tdc la lugng CNG thay thé I6n
nhat), cling thuc hién do cac thong s6 lam viéc va phat thai
cla déng ca nhu trudng hgp chay déng co thuan diesel. Tir
cac s liéu thi nghiém sé tinh toan dugc ti 1é CNG thay thé,
hiéu suat cé ich, hiéu sust exergy, tén that nhiét, tén that
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exergy va tiéu hao exergy, tir dé danh giad dugc tinh nang
dong ca khi chay ludng nhién liéu D-CNG so véi khi chay
thuan diesel (D). K&t qua nghién ctiu dugc thé hién trén cac
dé thi hinh 3 dén 9.

D6 thi hinh 3 thé hién ti 1&é CNG thay thé t&i uu & cac ché
do tai. G tai nho ti 1& CNG bi han ché bai phat thai HC, con &
tai 16n thi bi han ché béi kich né.
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Hinh 4. Ham lugng phat thai HC va NO,

Cac dé thj hinh 4 va 5 thé hién dic diém phat thai HC,
NO,, CO va khdi & cac ché do tai clia déng co chay ludng
nhién liéu D-CNG so véi khi chay thuan diesel. C6 thé thay
phat thai khoi va NOy trong déng co luéng nhién liéu
D-CNG thap hon dang ké so vai dong co chay thuan nhién
liéu diesel, dac biét la phat thai khoi trong khi phat thai CO
va HC thi lai cao hon. Tang tai thi CO, HC gidm trong khi
NOx tang. G tai nhé déng co chay D-CNG ¢6 phét thai HC
I6n hon rat nhiéu so véi dong co chay thuan nhién liéu
diesel nén can giam ti lé CNG thay thé & tai nho, va dac biét
la & khong tai thi khong nén st dung CNG vi & tai nho qua
trinh chdy chi thuc hién dugc & cac vung cé nhién liéu
diesel trong xi lanh con CNG & cac vung xa chum tia diesel
sé khong chéay dugc do hén hop khong khi - CNG nhat
mang Ita khéng lan tran téi dugc. Tang tai thi diéu kién
chay t6t han nén CO va HC giam nhung nhiét dé lai tang
nén NO, tang. Viéc st dung CNG lam gidm khong khi nap
nén nhiét dé chay va éxi giam so véi déng co chay thuan
nhién liéu diesel nén NO, & dong ca D-CNG thap hon.

D6 thi hinh 6 thé hién hiéu suat c6 ich cla déng co
D-CNG so véi ddng ca chay thuan nhién liéu diesel. C6 thé
thay st dung ludng nhién liéu D-CNG gitp cai thién hiéu
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suat déng ca & tai cao, hiéu suat dat 45,35% so vdi 36,5% &
déng co thuan diesel do CNG c6 déc tinh chay tot gidp
tang khuéch tan va chay kiét khi thanh phan CNG trong
hén hop du 16n. Tuy nhién, & tai nhd do CNG nhat kho chay
kiét nén hiéu suat thap hon ctia déng co thuan diesel.
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Hinh 5. Ham lugng phat thai CO va khéi
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Hinh 6. Hiéu suat cd ich

D6 thi hinh 7 chi ra tén that nhiét cho khi thai va cho
nuéc lam mat ra moéi trudng Qxe-o-cns, Qim-o-cng clia ddng co
D-CNG thap hon so v6i dong co thuan diesel Quip, Qmo
tai cao do qua trinh chay va gian nd triét dé hon. Tuy
nhién & tai thap thi tén that nhiét cla dong co D-CNG lai
cao hon clia dong co thuan diesel. Tang tai thi ti 1& nhiét
tén that gidm.
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Hinh 7. Nhiét khi thai va nhiét truyén ra mi truong

D6 thi hinh 8 thé hién hiéu suat exergy cta dong ca
D-CNG so véi ddng ¢ chay thuan nhién liéu diesel. Co thé
thay, tuong tu nhu hiéu suat c6 ich, s&t dung luéng nhién
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lieu D-CNG gilp cai thién hiéu suat exergy clia dong co &
tai cao, hiéu suat exergy dat 43,6% so vdi 34% & dong co
thuan diesel nhung & tai nhé hiéu suat exergy ctia dong co
D-CNG cling thdp hon ctia déng co thuan diesel.
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Hinh 8. Hiéu sudt exserxy
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Hinh 9. Exergy t6n thét va exergy tiéu hao

D6 thi hinh 9 thé hién exergy tiéu hao (phan nang lugng
mat di khéng thé sit dung dugc) va exergy tén that (phan
nang lugng tén that ra moi trudng nhung néu st dung céac
bién phap thu héi thi c6 thé sit dung dugc) clia déong co
D-CNG so véi dong co thuan diesel. Cac d6 thi cho thay
exergy tiéu hao cla dong co do tinh khong thuan nghich
va tén that bén trong clia dong ca kha I6n, chiém ti 1é 80% -
43,4% tng exergy dua vao theo nhién liéu. Exergy tn that
cho khi thai va nudc lam mét ra ngoai chi chiém ti 1é 13% -
16%. Tai cang nhd thi exergy tiéu hao cang I6n, déng co
D-CNG c6 exergy tiéu hao nho hon so véi dong co thuan
diesel 8 moi ché do tai, & toan tai exergy tiéu hao ctia dong
co D-CNG la 43,4% so vd&i 49,9% cha dong co thuan diesel.
Exergy t6n that ca dong co D-CNG nhé hon cla déng co
thuan diesel & tai I6n nhung |6n hon & tai nhé.

5. KET LUAN

Bai bdo nay da trinh bay nghién ctu trang bi hé théng
cung cap nhién liéu va chuyén déi thanh cong mét déng co
diesel 1 xi lanh Kubota sang s& dung luéng nhién liéu
D-CNG. TU két qua nghién clru thuc nghiém cé thé rat ra
mot s6 két luan sau:

- Ti I& CNG thay thé t6i da bi han ché béi phét thai HC &
tai nho va kich né & tai 16n;
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- Hiéu sudt co ich va hiéu suat exergy clia déng cg
D-CNG tang theo tai nhanh hon cta déng co thuan diesel.
& tai I6n hiéu suat co ich va hiéu suat exergy clia dong co
D-CNG 1én hon clia déng co thuan diesel nhung & tai nho
thi nhé hon.

- T6én that nhiét ctia dong ca kha I6n nhung chi c6 mot
phan nhé cé thé thu hoi dé st dung dugc (exergy ton that).

- T6n that nhiét va tén that exergy clia déng co D-CNG
nho hon clia dong co thuan diesel & tai I6n nhung nho hon
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co thuan diesel.
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