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Tém tat - Str dung nhién liéu biogas cho déng co dét trong 1& mét
van dé nhan dwoc sy quan tam cla nhiéu nha khoa hoc. D& nang
cao hiéu qua st dung biogas trong déng co, ching ta can ché tao
bo phu kién cé tinh nang tét hon. Vi vay, bai bao nay trinh bay két
qua nghién cu - ché tao bd do lwu lwong biogas theo nguyén ly
chénh ap cho déng co biogas va phwong phap hiéu chinh lwu
lwgng ké. Hé théng do hé sé twong dwong clia dong co dual fuel
biogas diesel dwoc 1&p dat véi 2 cdm bién ap suat duwoc ding trén
déng co 6 t&. Méi quan hé gitra hé sé thic té nhan dwoc nhd phan
tich khi sau bo tao hén hop va ti sb dién ap dau ra cta hai cdm
bién cho phép ta xac dinh dugc hé sb chudn cda hé thong do. Két
qua nghién ctru dwoc &p dung dé do lwu lwong biogas cung cap
cho déng co thi nghiém mot xi lanh EV2600NB.

T khoa - biogas; biogas-diesel; ddng co; phwong phap do; bd do
Iwu lwong.

1. Giéi thigu

Nhu cau phat trién cac hé thong diéu khién dong co, dic
biét 1a cac hé thdng diéu khién cung cap nhién liéu va danh
lra trén dong co dbt chay cudng birc nhu dong co nhidu Xi
lanh/dong co xe gin may dung LPG/CNG/biogas/nhién
lieu sinh hoc, dit ra yéu cau quan trong cho viéc nghién
ctru va ché tao thanh cong cac bo do luu luong thé tich,
nhét 1 bo do luu lugng khong khi nap cho dong co va luu
lugng nhién liéu khi.

Céc bo do luu lwong khong khi (kiéu tim do gi6 va kiéu
day nhiét/mang nhiét) da qua sir dung cé trén thi truong hién
nay chi pht hop cho cac ing dung do Iuu lugng khéng khi
nap Vai dong co c6 thong s 1am viéc twong duong. Nhirng
b6 do nay kho ap dung dugc cho nhirng déng co ¢6 dung tich
I6n hon nhu cac dong co ding nhién lidu khi chuyén di tir
dong co diesel, hay kich thudc rat nhé nhu cac dong co xe
gan may, hay céc chat khac nhién liéu long/khi, khi thai, lot
khi. Do d6, viéc nghién ciru va xac dinh cdng nghé phu hop
dé ty phat trién cac bo do luu lugng trong didu kién & Viét
Nam 1a mot cong tac quan trong va can thiét.

Viéc chuyén déi dong co xang dau truyén thong sang
dong co st dung biogas c6 ¥ nghia rat quan trong ddi voi
viéc tiét kiém nhién liéu hda thach va bao vé méi trudong &
nong thon nudc ta. Mat khéc, viéc s dung cac dong co
chay bang biogas con gép phan giam chi phi san XUit néng
nghiép, nang cao chat lugng cudc séng, thyc hién chuong
trinh ndng thén méi ma Nha nude dang tién hanh.

Nhém GATEC cua Dai hoc Pa Néng di tién phong
trong viéc phat trién cac bo phu kién don gian nham cai tao
cac dong co truyén thong thanh dong co biogas. Pay 1a cac
bo phu kién kiéu co khi, diéu chinh cng suat dong co theo
cac nguyén ly ¢o dién cua co hoc, vi vay hiéu qua hoat dong
c6 gidi han [1].

Abstract - The use of biogas fuel for internal combustion engines
is an issue of great interest to scientists. To increase the efficiency
of biogas engines, we need to manufacture a kit which has better
features. This article presents the result of researching and
manufacturing pressure mass flow meters for biogas engines and
flow meter calibration method. A system of measuring equivalence
ratio ¢ of biogas diesel dual fuel engines is established by 2
pressure sensors used on automobile engines. The relationship
between real ¢ given by gas analysis in downstream of mixer and
ratio of output voltage of the two sensors allows us to determine
calibration coefficient of the system. The research result can be
used to measure the flow of biogas for the EV2600NB engines in
experiments.
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Dé nang cao hiéu qua sir dung biogas trong dong co,
ching ta can ché tao bo phu kién c6 tinh ning t6t hon dua
trén cac thanh tyu vé dién tir va cong nghé thdng tin. Mot
trong nhitng van dé can giai quyét theo huéng nay la phat
trién bo do Iuu lugng biogas dé xac dinh luu lwong khi
biogas cung cap cho dong co dét trong [2], [3].

Nghién ctru nay trinh bay két qua nghién ciu ché tao
b6 do luu lugng theo nguyén ly chénh &p. B do nay dugc
&p dung cho dong co dual fuel biogas-diesel EV2600NB.
Pay 1a két qua do nhém GATEC cua Pai hoc Pa Ning
nghién ciru phat trién. Do day 1a dong co diesel dwoc
chuyén d6i sang dong co str dung khi biogas, do vay pham
vi lam viéc cua bo do Iuu lwong sé duoc giGi han theo cac
thong s6 ky thuat caa dong co nay.

2. Phuong do luu lwgng theo nguyén ly chénh 4p

Mot trong nhitng nguyén tic phd bién dé do luu lugng
chat long va khi 1a nguyén tic do luu lugng dya trén su
thay ddi ap suit: khi lwu chat chuyén dong qua vi tri c6 tiét
dién hep s& lam cho van téc tang 1én va ddng thai 1am cho
&p suat tinh giam xudng. Luu lugng chat long/khi di qua
dng ti 16 v&i do chénh léch &p sudt nay. Cac phuong an do
luu Iwgng duya trén nguyén tic chénh ap nhu: dng venturi,
1 orifice, dng nozzle va ng pitot [4], [5], [6].
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Hinh 1. Phuong phap do
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Hinh 2. Phuong phdp do
bang 16 orifice
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Hinh 3. Phuong phap do
bang ong nozzle

Hinh 4. Phuong phdp do
bang ong pitot

bac tinh [am viéc cua cac phuong an do dya trén do
chénh ap nhu: dng venturi, orifice, nozzle, phan ky - hoi tu
s& duoc khao sat bang phuwong phap mé phong vai phan
mém Ansys CFD/Fluent dé xac dinh cac dic tuyén chuyén
dbi, d6 nhay va hé sé can tuong tng.
2.1. Piéu Kign vé kich thwéc

Céc phuong an dugc md phong phai dong dang vé kich
thude. Duong kinh tai vi tri co hep bang 0,75 dwong kinh
vao cua ong. Trong d6, dudng kinh vao ®55 dugc chon
theo kich thudc ciia dong co 6 t6.
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210 71
=
— ]
L
60 180 —
‘LJ
) 180
Ong venturi Ong orifice
. 0.75 56 Laxss
I~ —
| E— |1
S {
- 180 — ]
Ong nozzle N

Ong phan kp - hgi tu
Hinh 5. Piéu kién vé kich thudc ciia cdc dng do khi
mo phong
2.2. Piéu kién vé lwu chit md phong
Trong diéu kién md phong, luu chat dwoc sir dung 1
khong khi ¢ 25°C c6 tinh chat nhu bang sau:
Bing 1. Bing théng sé ciia khéng khi ¢ 25°C

Khéi lugng phan ti [kg/kmol] 28,96
Khéi lugng riéng [kg/m3] 1,185
Hé sé gian no do nhigt  [1/K] 0,003356
Hé sb nhotdong hoc  [kg/m.s] 1,831e-05

2.3. Piéu kign vé lwéi ciia md phéng

Hinh 7. M6 hinh chia luéi
ong orifice

Hinh 6. M6 hinh chia lwéi
ong venturi

Hinh 9. M6 hinh chia ludi
ong phan ky - héi tu

Hinh 8. Mo hinh chia luoi
ong nozzle

2.4. Két qua mé phéng
a. Ong venturi

Hinh 10. Két qud mé phéng ong venturi

Két qua trén Hinh 10 cho thay, véi d6 chénh ap
APmax=5.500 Pa thi luu lwong 16n nhat qua 6ng venturi
Qmax= 123 lit/s va hé s6 can Crax = 2.500. Khi ¢ chénh ap
AP tang tu 550 Pa - 5.550 Pa thi luu lugng Q ting tur
40 lit/s - 123 lit/s (tang 3 1an) va ty sé AP/Q ting khoang
3,5 1an. Néu d¢ chénh ap giira dau vao va chd co hep ngay
cang tang thi luu luong qua ong tang theo, nhung dong thoi
1am cho hé sé can cua dng venturi ciing ting theo, nguyen
nhén la do khi ting d6 chénh ap s& lam cho cac 16¢c xody
Xuét hién ngay cang nhiéu va lam ting hé s6 can.

b. Ong orifice

Hinh 11. Két qud mé phong ong orifice

Theo d6 thi trén Hinh 11 ta thdy, véi d chénh &p
APmax=2.500 kPa thi luu luong 16n nhat qua ong orifice
Qmax= 68 (lit/s) va hé s6 can Cpax =~ 17.000. Khi d6 chénh
ap AP tang tir 250 Pa - 2.500 Pa thi luu lugng Q tang tir
21 lit/s - 68 1it/s (tang khodng 3,2 1an) va ty s& AP/Q ting
khoang 3,11 lan. Hé sé can cua éng orifice ting cao 1a do
xody l6¢ dugc tao ra khi dong di qua vi tri co hep, chinh
cac 16c xoay nay lam cho dong luu chét bi mat ning luong
dan dén luu lwong bi giam manh.

c. Ong nozzle

Hinh 12. Két qud mé phéng ong nozzle

Két qua trén Hinh 12 cho thay, véi d6 chénh ap
APmax=2.500 Pa thi Iuu luwgng lon nhat qua ong nozzle
Qmax= 79 (lit/s) va hé s6 can Cmax = 12.200. Khi d6 chénh
ap AP tang tir 260 Pa - 2.440 Pa thi luu lugng Q tang tir
26 lit/s - 79 lit/s (tdng khoang 3,03 lan) va ty so AP/Q tang
khoang 3,18 lan.

d. Ong phén ky - hi tu

Hinh 13. Két qua mé phéng dng phan ky - héi tu
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Két qua md phong dugc trinh bay trén Hinh 13 cho
thay, véi do chénh ap APmax = 1.000 Pa thi luu lwong lon
nhat qua dng phan ky - hoi tu Qmax =~ 130 lit/s va hé s6 can
Cmax=1.200. Khi d9 chénh ap AP tang tur 100 Pa - 1.050 Pa
thi luu lugng Q tang tir 41 lit/s - 130 lit/s (ting khoang
3,18 lan) va ty s6 AP/Q tang khoang 2,81 lan. Chinh vi kha
ning can dong thap cho nén do chénh ap giira dau vao va
chd co hep dan dén d6 nhay cua dng phan ky - hoi tu thap
hon nhiéu so véi cac phuong an khéc.

3. Thiét ké b do lru lweng kiéu éng orifice
3.1. Nguyén ly 1am vigc ciia ong do orifice
1:-::

Hinh 14. Phdn bé dp sudt va vin téc trong ong do orifice

Ong do orifice hoat dong dua trén nguyén tic do do
giam ap suat ciia dong chay khi di qua mang ngan c6 15 thu
hep. Khi chay qua 15 thu hep ciia mang ngan, van téc cua
Iuu chit ting 1én, do d6 tao ra sy chénh ap trudc va sau 15
thu hep. Stir dung mot ap ké vi sai do do chénh &p nay co
thé x4c dinh duoc luu lugng cua dong chay.

Tu Hinh 14 &p dung phuong trinh Bernoulli cho luu
chat chay qua 15 ta c6 vén toc cuc dai W» duge xac dinh
nhu sau [7], [8]:

1 2 .
W, = [P ;) ] )
nrrh A
Trong do:

-p1’, p2’ - Ap suat tinh tai tiét dién A-A va B-B;

- p - Ti trong chat luu;

- & - Hé sb ton thét thuy luc;

- B - Ti s6 thu hep ctia mang ngén, p= Fo/Fy;

- 1 - Hé s6 thu hep dong chay, p = Fa/Fo.

Thuong ta khong do d6 giam ap Ap’ = p’1 - p’2 O tiét
dién A-A va B-B, ma do d6 giam ap Ap = p1 - p2 ngay tru¢c
va sau 16 thu hep. Quan hé gitta Ap’ va Ap c6 dang:

(p—p) =w/(P. — ;) 2)

Y

ﬁ. E.(pl—pz),[kg/h] 3
o

Mt khéc, ta c6 luu lugng khéi luong cua luu chat:
G =W,.F,.p, [kg/h] (4)

Khi d6: W, =

Vi H= FolFo = Fp= u .Fo, [m2] (5)
Thay (3) va (5) vao (4) tacé
W, =5 R, [20(p, - p, ) [kg/h] (6)
S—up
bit C, = % - goi la hé sb luu lugng.
NE-12 B
suyra G=C,Ff2.0.(p —p,), [kg/h] (7)

2
2

R b A s b1 R N
Tur cc biéu thac trénva F, = , ta nhan duoc cong

thirc xac dinh luu lugng khéi ciia dong luu chét Ia:

6=C, 22 2 (p -7, g @

Trén co s¢ thuc nghiém nguoi ta xac dinh hé sb luu
lugng cho moi 16 thu hep va xem nhu khong doi trong
pham vi s6 Reynol gidi han.

Bing 2. Hé s6 luu lirong Ca theo chi s6 Re [1], [3]

Cu
S6 Reynolds- Re
p 10* 10° 108 107
0,2 0,60 0,595 0,594 0,594
0,4 0,61 0,603 0,598 0,598
0,5 0,62 0,608 0,603 0,603
0,6 0,63 0,61 0,608 0,608
0,7 0,64 0,614 0,609 0,609

3.2. Xdc dinh khéi lweng riéng biogas

Khéi luong riéng biogas ppipges Vi ham luong
methane %CH, & diéu kién nhiét do Tyipgqs VA p SUAL
Phiogas duoc xéac dinh theo cong thuc sau:

M .
Ppriogas = :;Zfras - Pair 9)
Trong do:
V' Mpiogas: khdi lugng mol cua biogas véi gia thiét chi

bao gom CHj, va COs.
Mpiogas = 16,043 * %CH, + 44.01 x (1 — %CH,) (10)
v Mg, = 29,0: khéi lugng mol cua khéng khi.
V' pair: khi lugng riéng cua khong khi & diéu kign

nhiét d6 Tbiogas va ap SUét Pbiogas

l
Ppiogas Taiy cal
Pair = T -Pcal'pair (11)
biogas Tair

3.3. Can chudn bé do I Iwong orifice
Luu lugng khéi lugng di qua bo do orifice c6 dang: [5]
m = \/p.K.AP (12)
Trong do:
- i luu lwong khéi luong;
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- p: khéi lwong riéng;
-k hé sé dic trung cua dia orifice, duoc gia thiét 1a
hang so;

- AP: d6 chénh léch p suit trudc va sau dia orifice.

Sau khi ché tao, bo do dugc can chuan (calibration)

bang khdng khi o dieu kién nhiét do T va ap suat PgfY

(twong g véi khéi lugng riéng pS#) dé xac dinh quan hé

gitra 71 va AP. Quan hé nay c6 dang:
mol = |pSit. K. AP

alr

(13)

Qué trinh can chuan va chwong trinh do d6 chénh léch
&p suat AP va xéc dinh luu lugng gl theo cdng thic (13).
Khi st dung bo do orifice dé do luu luong biogas c6 khoi
luong riéng Poiogas: T m&% s& duoc hiéu chinh dé xac dinh
lru lwong biogas can do Mpiogas-:

. cal Pbiogas
mbiogas mal.‘r' pcal (14)
air

' ’ )

|

1. Bd do luvu lwgng chuan ABB Sensy Flow 5
2. Bg do luu lugng orifice

3. Quat hat

4. Motor 3 pha

5. Bién tan diéu khién

Hinh 15. So dé nguyén Iy can chudn bg do luu liwong orifice

40

30 1 [

20 ]

Luu lugng khing khi (kg/s)
[

0 T T T T T 1
0 1 2 3 4 5 6

Di¢n dp ddura (V)
Hinh 16. Quan hé giita luu lwong khong khi va
dién ap ra cua cam bién
Tir @6 thi trinh bay trén Hinh 16 ta rat ra dugng phuong
trinh quan hé gitra luu lugng khong khi va dién ap ra:
Q =0,179U° - 2,4657U* + 12,639U° — 30,161U?
+38,776U — 2,9532
3.4. B¢ do luu lwong orifice
Hinh 17 gisi thiéu ciu tao cua dng do Iwu lrong kiéu orifice.
Thang sé chinh cua bo do:

(16)

- Gi6i han do tuc thoi cuc dai ;34,0 kg/h

- Gi6i han do tirc thoi cuc tiéu  : 15%FS

- Sai sb do tinh : <+ 2,5%FS
- Ngudn dién : 220V~50Hz

;ne.‘ - ’5 06
300 - 30[;%‘

[

5

1. Cam bién &p suét MAP 1
2. Cam bién ap suat MAP 2
3. B khuéch dai vi sai

4. B thu thap dit liéu

5. Méay tinh

Hinh 18. So d6 nguyén Iy bé do heu hrong kiéu ong orifice

Khi Iuu lugng biogas di vao éng do thi tiép xlc véi
mang do ¢6 15 thu hep. Khi d6, &4p suat truéc va sau mang
do s& duoc cam bién ap suat 1 va 2 ghi nhan va truyén tin
hidu vé bo khuéch dai 3. Tai day, tin hiéu duoc khuéch dai
I&n va truyén dén bo thu nhan dix liéu 4, bo thu nhan dit ligu
xir Iy va truyén tin hiéu dén may tinh hién thj cho két qua
do (Hinh 18, Hinh 19).

CH4 content [%] 80 | | Biogas dens. [gn) 0.8777

Pressure [kPa] 101325 .

Temp. [K] 200 g n B

Mass flow rate [kg/h|000.00 o

Vol. flow rate [m3/h] 000.00

Hinh 19. Giao dién ciia chwong trinh ghi nhén dir liéu do cua
b do luu lwong biogas

3.5. Két qud thuec nghiém trén dong co EV2600NB

Trong qué trinh van hanh dong co dual fuel biogas-
diesel, viéc diéu chinh céng suat dugc thuc hién thdng qua
diéu chinh luu lwong biogas cung cap cho dong co, théng
qua d6 diéu chinh h¢ sé trong dwong ¢. Cac nghién cuu ly
thuyét va thuc nghiém déu cho thay rang, cong suat cuc dai
clia dong co dat duoc khi hé sb twong duong cua hdn hop
dat gi4 tri chay hoan toan ly thuyét nghia 1a ¢ = 1. Do do,
duong dac tinh ngoai cta dong co dual fuel 12‘1 duong dic
tinh céng suat ung véi ¢ = 1. Do ngu0n cung Cap biogas co
chat luong thay dbi nén khi thiét ké he thong cung Cap
biogas cho dong co ta chon duong kinh éng cung cép
biogas ¢am bao cho hé sé tuong dwong tng véi ¢ = 1, Vi
biogas chira thanh phan CH, thap nhat va dong co chay &
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toc d cao nhat. Khi thanh phan CHj trong biogas cao hon
hay dong co chay ¢ toc d6 dinh muc thap hon, ta chinh lai
d6 mo cuc dai ciia buom ga dé dat ¢ = 1.

Hinh 20 gigi thiéu bién thién hé sb twong duong ¢ theo
d6 mé budm ga tng véi biogas cé chira 60%, 70% va 80%
CHg va dong co chay & tdc d6 2.000 vong/phdt. Két qua
nay cho thay rd ham lugng CHy trong biogas cang cao thi
hé s6 twong dwong ¢ cua hdn hop cang cao tng véi mot do
mé& budm ga cho truéc. Bé dat dugce hé s6 twong duong
=1 khi biogas chtra 60% CHa, buém ga phai m¢ 90%.
Trong khi d6, (ing vai biogas chira 70% CHa, diéu kién nay
dat dugc (tng v&i dd md budm ga 65% va tng vaGi biogas
chtra 80% CHys, tng v6i d6 mé budém ga 55%.

1.sq)
i ‘Ar,.—il
N e
12 5
‘ ; 27//,/
os e
" x A
p i
o '
02 .
0
0 20 40 60 80 100[%0]

B mo buwom ga
Hinh 20. Bién thién hé s6 twong duong ¢ theo do mo buom ga
_ khi dong co chay o toc dj 2.000 vong/phat
1 - Ung voi biogas c6 chita 80% CHa; 2 - Ung vdi biogas co
chita 70% CHa; 3 - Ung véi biogas cé chita 60% CHa.

Tur két qua khi chay thuc nghiém ta tién hanh xac dinh
kich thudc 16 cap chinh twong ¢ng vaéi ting loai nhién liéu
c6 thanh phan biogas khac nhau.

Bing 3. Pucng kinh 16 cdp chinh ciia nhién liéu biogas

Nhién ligu biogas | 60% CHs | 70% CHa | 80% CHa
Budng kinh lo 17,07 14,83 13,59
cap chinh (mm)

4. Két luan
Két qua nghién ciru ctia bai bao nay cho ta rdt ra mot s6
két luan sau:

- B do luu lugng biogas theo nguyén ly chénh ép dugc
&p dung cho hé théng do luu lugng khi biogas cung cap cho
dong co dual fuel biogas diesel. Khi &p dung cho dong dual
fuel biogas diesel EV2600NB thi dwa vao hé thong do
chung ta da xac dinh dugc céc kich thudc co ban cua I cap
chinh twong tng véi ham lwgng CH. cd trong biogas.

- Hé théng do luu lugng ké kiéu bng orifice c6 do chinh
X4c va tin hiéu dau ra dudi dang dién &p nén thuan loi trong
viéc thiét 1ap hé théng diéu khién tu dong.

- Trong diéu kién nudc ta, viéc ché tao bo do luu luong
cho dong co dual fuel biogas-diesel gap kho khin vé mat
ky thuat. Do d6, viéc str dung cac cam bién &p suat trén céc
loai 6 to dé ché tao b do luu lugng biogas c6 kich thudc
phtl hop dé ap dung trén dong co dual fuel biogas-diesel la
rat thiét thuc.
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