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TOM TAT

St dung NH,/Syngas lam nhién heu 1a giai phép tiém nang gitp gidm phat thai khi
nha kinh, dong thm cung cap mot ngudn ning hIO’ng thay thé bén viing. Nghlen cliru nay
mo phong qua trinh chay hon hgp NH,/Syngas bang cach thay d6i cac diéu kién nhiét do,
ap suat, va ty 1& pha lodng Nito. Két qua nghién ctru cho thiy toc d6 chay tang ting khi
nhlet do tang, nhung 1a1 glam khi 4 ap suét va ty 1& pha loang nito tang. Nghién clru da cung
cAp mot cai nhin sdu sdc vé cac yeu t6 anh huong dén qua trinh chay ctia hdon hop NH3/
syngas va dé xuat cac diéu kién t6i vu nham nang cao hiéu sut va giam phat thai. Két
qué dat duoc gdp phan vao viéc phat trién cong nghé dong co xanh va hd tro cac nd luc
chuyén ddi nang lugng bén viing.

Tir khoa: NH,, khi hdn hop, Nang lugng méi, Toc d6 chay tang, Ty 1¢ pha lodng nito

ABSTRACT

Blending NHs with Syngas as a fuel presents a promising approach to reducing
greenhouse gas emissions while offering a sustainable energy alternative. This study
numerically investigates the combustion process of NHs/Syngas mixtures by varying
temperature, pressure, and nitrogen dilution ratio. The results indicate that the laminar
burning velocity increases with rising temperature but decreases with increasing pressure
and nitrogen dilution ratio. The study offers valuable insights into the factors affecting the
combustion process of NHs/Syngas mixtures and suggests optimal conditions to improve
efficiency and reduce emissions. These findings contribute to the advancement of green
engine technologies and support efforts toward a sustainable energy transition.

Keywords: NHs, syngas, new energy, laminar burning velocity, nitrogen dilution ratio.
1. GIOI THIEU tac dong ti€u cuc lén mai truong ngay cang
Trong bdi canh nhu cdu tim kiém cac  gia tang, theo do viéc st dung nhién li¢u

nguon nhién li¢u bén viing va giam thieu khong cacbon da thu hit dugc sy quan tam
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ctia cac nha khoa hoc. Su phat trién bén
virng doi hoi cac gidi phap nang lugng sach
va hi€u qua, trong d6 ammoniac (NHs) va
khi tong hop (syngas) dugc xem 13 nhiing
mg vién tiém nang. NHs [1] khong chua
carbon, giup giam phat thai CO: khi dot
chay, c6 thé d& dang luu trit va van chuyén.
Tuy nhién, NHs c6 tde do chdy cham, kho
chay [2]. Trong khi d6, syngas c6 toc do
chay cao, gitip cai thién hiéu suat dbt chay
[3]. Syngas dugc san xut tir nhiéu ngudn
khac nhau, bao gdm ca chat thai sinh hoc.
Céc nghién ctru vé hon hop NH,/syngas da
duogc cac nha khoa hoc trén thé gidi nghién
clru va cong bo. Nghién ctru Mei [4] khi
thay d6i ty 1& syngas trong hdn hop NH,/
syngas ¢ cac ty 1€ hoa tron twong duong
khac nhau (0.8 — 1.6) s& lam thay ddi toc
d6 chay tang. Nghién ctru cua Zhou[5] cho
thdy khi thay déi ty 1& NH, khéc nhau &
cac ty 1€ hoa tron tuong duong khac nhau
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(0.8 — 1.4) s& anh hudng dén toc do chay
tang. Tuy nhién, nghién ctru vé ty 1¢ pha
lodng nito chwa thay hodc rat it dugc cong
b6. Toc do chay téng (SL) 1'2} mot ,thf)ng 5O
1y hoa quan trong dé thiét ké va to1i uu hoa
céc thiét bi ddt chay vi n6 anh huong dén
tbc do chay, téc do giai phong nhiét, khi
thai va hiéu suat nhiét. Hon nita, cac gia
tri S, cling rat quan trong dé phat trién cac
mo hinh dot chay va xac nhan cac co che
dong hoc phuc tap. Bai bdo nay sé& trinh
bay nghién ctru anh hudng cua nhiét dg, ap
sut va ty 18 pha lodng nito dén toc d6 chay
tang cua hon hop NH,/syngas.

2. PHUONG PHAP MO PHONG

Téc d6 chay tang (S,) cua hoén hop
NH,/syngas dugp mo phén‘g tai cac dieu
kién khac nhau bang phan mém CHEMKIN
Pro [6]. Bang 1 trinh bay chi tiét vé thanh
phan nhién liu va cac diéu kién mo phong
tuong tng.

Béng 1: Diéu kién md phong cic mo hinh chay

T Nhien lgu wongwomg | CK) | )
1 |50%NH, ,15%H,,10%C0,25%N, 0.8—1,3 300-400 | 1-7
2 |50%NH,,15%H,,35%CO,0%N, 0.8—1,3 300-400 | 1-7
3 |50%NH,,15%H,,25%CO,10%N, 0.8 1,3 300-400 | 1-7
4 |50%NH,,15%H,,15%CO,20%N, 0,8—1,3 300-400 | 1-7
5 [50%NH, ,15%H,,10%C0O,25%N, 0.8—1,3 300-400 | 1-7

Pé dam bao sy hoi tu trong dy doan
S, s6 diém luéi 1én t6i 250;gid tri CRUV
va CRAD lan luot 1a 0.1 va 0.1. Nhiéu
mo hinh chdy khic nhau bao gém Mei
[4], Zhou [5], Okafor [7], Polimi [&].
Puoc st dung dé so sanh su sai khac
gitta cac mdé hinh mé phong. Két qua
phén tich d6 nhay va toc do phan tng
rong cling dugce phan tich chi tiét nham

danh gia chinh xéc su tac dong cua diéu
kién moé phong dén qua trinh chay cua
hén hop NH,/syngas.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia nhiét do dén toc
dd chay tang

Hinh 1 trinh bay thé hién sy thay ddi
cta toc do chay ting theo nhiét do trong
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hai diéu kién khac nhau P = 5 atm, ty 16 hoa
tron thay doi ¢ = 0.8, ¢ = 1.2. Qua biéu do
nhan thay rang toc do chay ting ting dan
khi nhiét d6 tang tir 300°K dén 400°K cho

P=5atm, ¢ =0.8

18
= =
515 2
~ =3
on =
LE12 . 50
= P ]
K Y ISy =,
59 === ”’i———"_::: 5
38'6‘==:§;;::—_—_:’_——9‘::_,_——" =
S O-==-ITT - -- g
= O

3 =

300 350 400

Nhiét dé (°K)

—M-Mei - ¢ -Okafor -4-Polimi -@®-Zhou

ISSN 2681 5-9945

tat ca cac mo hinh. M6 hinh Mei c6 téc do
chay thép nhét & tit ca cic mic nhiét do,
trong khi d6, mo hinh chdy con lai c6 tde
dd chay tuong tu nhau.

P=5atm, ¢ = 1.2
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Hinh 1: Biéu dé so sdnh téc dé chdy tdng theo nhiét dé

3.2. Anh huéng cia ap suét dén toc
dd chay tang

Hinh 2 trinh bay thé hién sy thay
ddi cua toc do chay tang theo ap suat tai
T = 300°K, ty 1& hoa tron thay dbi
$»=0,8, d=1,2. Qua biéu dd cho thiy tdc

T=300K,$ =0.8
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do chay tang giam dan khi 4p suat ting &
ca hai diéu kién ¢ =0,8 va ¢ = 1,2. Ap suit
cang ting, toc do chdy cang giam d6i voi
tat ca cac mo hinh chay. Mo hinh Okafor
du bao co téc d6 chay tang thap nhat khi
=08, p=1atm.

T=300K,¢ =1.2

Téc do chay tang (cm/s)

Ap suat (atm)
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Hinh 2: Biéu dé so sdnh téc dé chdy tdng theo dp sudt

3.3. Anh hwéng ciia ty 1¢ pha lodng nito

Téc d6 chay tang ciia hdn hop NH,/
syngas/air voi cac ty 1€ pha loang nito khac
nhau tai $=1.0 va tai T = 400°K dugc trinh
bay trong Hinh 3. Ty I¢ nito pha lodng cang
cao thi tc do chay ting cang giam. Mo
hinh Zhou va Polimi du doan téc do chay
cao nhat & tit ca cac ty 1é pha lodng, trong
khi m6 hinh Mei c6 xu huéng dua ra gia
tri thap nhat. Sy khac biét vé téc do chay
gitra cac mo hinh 10 rét hon ¢ cac ty 1€ pha

lodng nito thap va dan thu hep khi ty 1é pha
loang tang.
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Hinh 3: Biéu dé so sdnh téc dé chdy tdng
P=5atm, $=1,0, T=400°K
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3.4. Phan tich d§ nhay va téc do
phan @ng

3.4.1. Anh huwéng cia nhiét do

Hinh 4 trinh bay anh hudng cua nhiét
d6 dén nong do cac nguyén t chinh H,
O, OH, NH,, nhi¢t d§ chay doan nhit
T, va do nhay cac phan tmg ctia hon hop
SO%NH 15%H,10%CO25%N, tai ¢ = 1,0
vaP= 5atm nhlet do thay d01 lan luot 1a
300°K, 350°K, 400°K. Qua biéu d6 cho
thiy ty 1¢ phan trim mol cuc dai cua H, O,
OH, NH, tang 1én khi nhiét d6 tang 300°K
dén 400°K Nhiét d¢ chay doan nhiét T

khong bi anh huong nhiéu khi thay d01
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nhiét do dau vao. Nhimg két qua cho thiy
rang phan g hod hoc cua syngas c6 anh
hudéng nhiéu dén qua trinh dot chay. H chu
yéu duoc tao ra thong qua R3 va R94, viée
tiéu thu H chu yéu qua R1 va R15. Trong
khi d6 OH chu yéu dugc tao ra qua R1 va
R80, viéc tiéu thy OH thong qua R3 va R70.
O chu yéu tao ra tir R1, NH, tiéu thu chu
yéu qua R94, RS0, R78 R7O R76. Phan
tng R1: H+02 =0 + OH la phan ung co
do nhay cao nhat trong qua trinh dot chay.
Phan rng nay 1a phan tmg quan trong nhat
trong qua trinh dot chdy. Khi nhiét do tang
tir 300°K dén 400°K, d6 nhay ctia phan ung
nay gidm nhe.
R1: H+O2=0+OH

94: NH2+NH=N2H2+H
R80: NH2+NO=NNH+OH
R3: H2+OH=H20+H i@
R78: NH2+NO=N2+H20
R70: NH2+OH=NH+H20 fte
R76: NH2+NH=N2H3

15: H+02(+M)=H02(+M)w

ZT =300 °K
mT=350 K
ST =400 °K

—08 06 -04 -02 0 02 04 0.6 0.8
He so d¢ nhay (senstivity coefficient)

(®)

Hinh 4: Anh huéng ctia nhiét (a) dén ty Ié phdn trém mol cuc dai H, O, OH, NH,
va nhiét dé chdy doan nhiét Tad, (b) dé nhay cia hén hop

Hinh 5 biéu dién toc do phan tng
rong & ¢ = 1,0, P = 5 atm, nhiét do thay
d6i 300 — 400°K. Tai T = 400°K, toc do
phan tng ting dang ké, thé hién qua bién
dd 16n cua cac duong cong. Puong cong
xanh duong (phan tmg R1) va duong do
noi bat nhat véi gia tri rat 16n. Puong mau
do (phan Gmg R4) c6 gia tri am 16n nhat,
cho thay déy 1a phan (mg xay ra theo chiéu

nghich manh hon so voi chiéu thuan. Phan
ung chu dao 1a phan tng R1 dat gia tri cuc
dai khoang 0,021 mol/cm?s tai vi tri Xép xi
5,02 cm, phan tng nay thuc ddy qua trinh
chay. Phan rng nghich manh la phan Gng
s6 4 gia tri &m 16n nhat, dat khoang -0,020
mol/cm?s cling tai vi tri xép xi 5,02 cm. Khi
tang nhiét do, toc do phan tmg rong cua cac
phan Uimg chu dao tang lén rd rét.
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Hinh 5: Téc dé phadn iing rong & cdc diéu kién nhiét dé khdc nhau
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3.4.2. Anh huéng ciia ap suét

Hinh 6 trinh bay anh hudéng cua ap
suat dén ndng do cac nguyén tir chinh H,
O, OH, NH,, nhi¢t d6 chay doan nhiét
T , va do nhay cac phan tng cta hon hop
50%NH,15%H,10%CO25%N, tai ¢ = 1,0
va T = 400°K. Qua biéu dd cho thiy cac
phan ) rr’101 H, O, OH, NH, giam xuéng
khi ap suat tang 1€n. Nhiét do chay doan
nhiét T,, khong bi anh huong nhiéu khi
thay doi ap suat. Khi dp suat tang, nong
d6 H c6 xu hudéng giam dan tir P= 3,0 atm
dén P = 7,0 atm. Nong d6 cua O rat thip
va khong co su thay d6i dang ké khi ap
sudt ting. OH c6 ndng do cao nhét trong
s6 cac thanh phén hoa hoc dugc so sanh,
va ndng do giam manh khi 4p suit ting.
Tuong tu nhu cic thanh phan khac, ndng
d6 NH. giam dan khi 4p suit ting tir

ISSN 2681 5-9945

P =3,0 atm dén P = 7,0 atm. Nhiét do chay
dgan nhiét’ T , chiu anh hudng nho khi thay
doi ap suat. Phan tmg R1: H + O, — O
+ OH, day la moét trong nhiing phan ung
quan trong nhét trong qua trinh ddt chay,
tao OH tir H va O la rat manh mé& & ca ba
mirc 4p suat. Khi ap suit ting tir P = 3.0
atm Ién P = 7.0 atm, mtrc d6 tham gia cua
phan tng nay c6 vé ting 1én nhe, diéu nay
cho thiy rang ap suit cao hon c6 thé thuc
day qua trinh hinh thanh OH, O. Phan tng
R80: NH, + NO — NNH + OH, muc d¢
tham gia cia phan ung nay c6 xu hudng
tang khi ap sut tang tir P = 3.0 atm 1én P
= 7.0 atm. Phan tng R15: H + Oz (+M) —
HO2 (+M), phan tng nay co gia tri am, co
xu hudng can tré manh dén qua trinh chay.
Ap suét cang cao, d6 nhay cua phan tng
R15 cang tang.

- 0.004 7N Rl: H+02=0+0H el
& ZP=3atm 7871 2000 o4 NH2+NH-N2H2+H i
g ZP=Satm 7 N ; Zp=3atm
2 0003 lwp=7atm 7 7 R80: NH2+NO=NNH+OH g
© 5;‘1 ; N 1500 R3: H2+OH=H20+H it mP =5atm
g 7 E 2\ RISS: NH3+H-NH2+H2 ] ‘
£ 0.002 A 71 1000 R7S:NH2NO-N2tH20 [ P =T7atm
' é g 7= R70: NH2+OH=NH+H20 %]
£ o001 | N A o0 R76: NH2+NH=N2H3 %4
- 7 ?;E é N é 15: H+02(+M)=HO2(+ M) J& ]
o N A VEN = r T T T T T T 1
; N @ v =N 7
& 0.000 s 2N 2R 7N ¢ 08 -06 04 02 0 02 04 06 0.8
H O OH NH2 Tad | Hé s6 @ nhay (sensitivity coefficient)

(a)

(b)

Hinh 6: Anh huéng cta dp sudt (a) dén ty Ié phdn trém mol cuc dai H, O, OH, NH, va nhiét dé doan nhiét Tad, (b)
dé nhay ciia hén hop

Hinh 7 trinh bay tdc d6 phan tng rong
6 T=400K, ¢ = 1.0 theo diéu kién ap sut
khac nhau. Két qua mo6 phong cho thiy toc
d6 phan g tang dang ké khi ap suét ting
18n, thé hién qua bién d6 16n cua cac duong
cong. Puong cong xanh duong (phan ung
R1) va duong do (phan tng R4) ndi bat
nhét vai gia tri cuc dai lon nhét so voi
cac phan ung con lai. Phan ing chu dao
la phan tng R1 dat gié tri cuc dai khoang

0,021 mol/cm3s tai vi tri xép xi 5,02 cm.
Phan tng nghich manh la phan tng R4 gia
tri 4m 16n nhat, dat khoang -0,020 mol/
cm?’s cling tai vi tri xép xi 5,02 cm. Phan
mg nay biéu thi qua trinh nghich, ¢6 xu
huéng tai tao lai chat phan tng hodc phan
huy san pham. Khi ap suit ting 1én, bién
dd cua cac duong cong cua cac phan Ung
chu dao tang theo.
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P=3atm P=5atm P=7 atm
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Hinh 7: Téc dé phdn iing rong & T = 400°K, ¢ = 1.0 theo diéu kién dp sudt khdc nhau.

3.4.3. Anh huwéng cia ty 1¢ pha lodng
nite

Hinh 8a cho théy néng do H, O, OK,
NH, déu giam khi ty 1¢ N ting Ién. Trong
doé ndng do O tuong doi thap, con OH la
thanh phan c6 néng d6 cao nhét trong sb
cac gbc tu do duge biéu dién va thay d6i
nhiéu nhét khi thay déi ty 1& N, trong hon
hop. Diéu nay chi ra rang sy hi¢n dién cua
Nz ¢6 thé 1am giam tdc do phan tmg tao

ra OH, O, H va NH,. Khi N tang tir 0,0
1én 0,25, T thay d6i khong dong nhat, tang
nhe khi N, = 10% nhung sau do lai giam
néu ti€p tuc tang ty 1€ N, trong hon hgp.
Tuong ty cac truong hop trén, phan ung
R1 va R15 (hinh 8b) 14 hai phan mng chu
dao trong qua trinh chay ctia hdn hop NH3/
syngas dudi anh huéng cua N,. Chuy rang,
phan tmg c6 d0 nhay duong c6 tdc dung ho
trg qua trinh chay, va nguoc lai.

__ 0.006 2500
(>3
b R1: H+02=0+OH = T
© 0.005 2000 N S
3 94: NH2+NH=N2H2+H
2 0.004 380: NH2+NO=NNH+OH i
g 1500 R3: H2+OH=H20+H =8 BN2 =025
,E 0.003 R155: NH3+H=NH2+H2 H SN2=0.2
= 1000 R70: NH2+OH=NH+H20 5 ? gg = g‘(ll
~g 0.002 R76: NH2+NH=N2H3 555 aNE=0
® 0.001 500 15 H+O2(+M)=HO2(+ M fEEE
)
= 0.000 -0.65 -045 -0.25 -0.05 0.15 035 0.55 0.75

(a)

H¢ s6 @ nhay (sensitivity coefficient)

(b)

Hinh 8: Anh huéng cua ty Ié pha lodng nito (a) dén luong mol H, O, OH, NH, va nhiét dé doan nhiét Tad,
(b) d6 nhay ctia hén hop NH_/syngas

Hinh 9 thé hién tdc d6 phan tng rong
& ¢=1,0,P=5atm, T =400°K giam dan
khi tang ty 1¢ pha loang N, 0.0 dén 0.25.
Phan ung chu dao R 1 dat gia tri cuc dai
khoang 0,063 mol/cm?s, day la phan ung
chinh, c6 téc d6 phan tmg cao nhit. Phan
mg nghich R4 ¢o gia tri 4m 16n nhat, dat
khoang -0,04 mol/cm’s ciing tai vi tri xap

xi 5,02 cm. Hau hét cac duong cong dat gia
tri cuc dai hoac cyec tiéu trong khoang 5,00
cm dén 5,04 cm.

Khi b6 sung thém 10%N: vao hdn hop,
bién d6 cia cac dudng cong bit ddu giam.
Mic du cac phan tmg van dién ra manh mé,
nhung su hinh thanh va tiéu thu cac chat
khong con dat dinh cao nhu khi khong co
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N. Pudng d6 (phan tmg R4) tiép tuc thé
hién sy tiéu thu cua mot chat quan trong,
nhung muc ti€u thu gidm hon so véi N2 =
0,0. Phan tng chu dao 1a van 1a phan tng
s6 1 dat gia tri cuc dai khoang 0,043 mol/
cm®s , gia tri ndy giam nhiéu so v&i Nz =
0,0, day 1a phan tng chinh, c¢6 toc d6 phan

N2=0.0

-]
L TN |

& phan img rong (mol/cm's)
)
)
L
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4. KET LUAN

Qua phan tich vé anh hudng cua nhiét
d6, ap suat va ty 18 pha lodng nito d6i véi
qua trinh chdy ctia hon hop NHs/syngas
trong diéu kién tuong tu dong co danh lua
cudng burc, chiing ta c¢6 thé rat ra mot s6
két luan quan trong nhu sau:

(1) Nhiét do cao thuc day su hinh thanh
cac goc tu do nhu H, O, OH, giup gia ting
téc do chay. Tuy nhién, sy gia ting nhiét o
ciing c6 thé din dén phat sinh cac hop chit

NO,, can duoc kiém soat dé giam thiéu
phat thai.

(2) Khi 4p suét ting, nong do cac gdc
tu do ¢6 xu hudéng giam, 1am giam téc do
chay ctia hdn hop. Chu y rang nong do NH.
giam c6 thé gép phan giam qua trinh hinh
thanh NO_ tai ap suét cao. Két qua twong tur
ciing tim thiy khi ting ty 1¢ pha lodng N,
trong hon hop.

(3) Thong qua phén tich d6 nhay va toc
do phan tng rong, phan tng R1: H+ 02 —

TAP CHi KHOR HOC | s sons
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O + OH va phan img R15: H+ O: (+M) —  tng duong nén ¢ tic dung thic ddy qua
HO2 (+M) Ia céac phan tng chu dao xay ra  trinh chdy, trong khi d6 R15 c6 tac dung
trong qua trinh chay. R1 c6 d§ nhay phan nguoc lai.
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