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Tom tit. Pdng dét nhién lieu than va Amoniac 1 giai phap tiém ning giam phat thai CO; trong cac nha
may nhiét dién than, tuy nhién, cong nghé dong dét ndy con méi mé tai Viét Nam. Nghién ciu nay da st
dung md phong CFD bang phan mém STAR-CCM+ dé phan tich dic tinh dong phun va phan bé nong do
NHs trong béc dét xody, voi ty 1é dong d6t NH3 1a 10% theo cng suat nhiét. Chiéu dai dng phun NH3 duoc
khao sat tai cac mac 0 m, 0,4 m, 0,8 m, 1,0 m va 1,2 m. Két qua cho thay vi tri dng phun anh huong dang
ké dén cau tric dong phun va nong do NHa. Tai 0,8 m, ving hdi luu trung tim bét d¢au hinh thanh véi chuan
sb xody 0,277. O vi tri 1,0 m, ving hdi luu 6n dinh va thé tich NH3 thip nhat (0,3165 m3), cho thay kha
ning duy tri didu kién chay 6n dinh. Khi ting khoang céch éng phun, thé tich viing c6 ndng d6 NH; cao
giam, g6p phan ting hiéu suat chay va han ché NH; ton tai & ving giau oxy. Két qua nghién ctru 1a co so
ky thuat hitu ich cho thiét ké va van hanh béc dbt trong cac hé thong dong dét than véi amoniac.

Tir khda. Amoniac, ddng d6t than, nha méy nhiét dién, mé phong sé, CFD, khi CO;

Chir viét tat

CFD — Computational Fluid Dynamic

PC — Pulverized Coal

CFBC - Circulating Fluidized Bed Combustor

1. GIOI THIEU

Pam bao an ninh nang lugng va méi trudng séng bén viing 1 van dé quan trong va thach thirc toan cau.
Cho dén hién tai, viéc str dung ngudn nhién liéu hoa thach, nhu than d4, dau mo, nhién liéu khi van 1a lya
chon wu tién dé san xuét nang luong cua cac qudc gia. Tuy nhién, ngudn phat thai 16n khi nha kinh CO2 tir
qua trinh sir dung nhién liéu hoa thach 1a nguyén nhan chinh gay hién tuong néng 1én toan cau va bién ddi
khi hau. Theo thong ké nam 2020, thé gi6i san xuat duoc 2125 GW tir khoang 8500 nha may nhiét dién
than [1], va phat thai ra méi trudng 14,8 Gt CO3, chiém 46,9% tong luong phat thai CO, toan cau [2]. Do
d6 thm nhin dén 2060, viéc giam phat thai CO; tir cic nha may nhiét dién than 1a van dé cap thiét, han ché
mirc ting nhiét do nho hon 1,5 °C, so vai thoi ky tién cong nghiép [3].

bé dat duge muc tiéu nay, nhiéu cong nghé va k¥ thuat méi duoc nghién ctru ap dung, bao gém sur dung
cac nguén nang lugng tai tao, nang lugng hat nhan, hoac chuyén ddi st dung nhién liéu khac, va ap dung
cong nghé thu gitt CO; [3]. Trong phuwong phép sir dung cac ngudn nhién liéu khac, gbc khong carbon dé
thay thé nhién liéu héa thach, hydro (H,) va amoniac (NHs) 13 hai loai nhién liéu tiém niang dugc cén nhéc
Ivra chon. Viéc van chuyén va luu trir nhién liéu dang 16ng Hz van con mdi mé do yéu cAu nhiét d6 hoa long
thip (-253 °C, 1 atm), thi nhién liéu NH; v&i nhiét do soi thap hon (-33,4 °C, 1 atm) di dang duogc sir dung
rong rai trong cic nha may cong nghiép va nha may nhiét dién dé khir NOx véi co s¢ ha ting hoan thién
[4]. Do d6, NH; dang duoc can nhic lya chon hon dé 1am nhién liéu dong dét voi ngudn nhién liéu hoa
thach trong cac nha may nhiét di€n, san Xudt nang lugng hién tai. Viéc dbt chay nhién li¢u NHs c6 uu diém
khong phat thai COy, chi phat sinh hoi nuéc va NOx. Do d6, giai phap dong d6t NHs gop phan giam luong
phat thai khi nha kinh CO;, tuy nhién, giai phap nay c6 thé gia ting phat thai NOx [3].

Céc nghién ctru Iy thuyét va thuc nghiém (quy mé phong thi nghiém hoic pilot) di va dang duoc tién
hanh nham danh gia cac anh hudng khi sir dung nhién liéu NH; trong cac nha méay nhiét dién va nha may
cong nghiép. Theo tap doan IHI, trong nha may nhiét dién ddt than phun (PC) khi sir dung nhién liéu
amoniac, phat thai NO giam dang ké bang cach kiém soat tdt ti s6 khong khi — nhién liéu va viéc phun NHs
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[5]. Cong b gan day, cho thiy viéc sir dung NHs dé giam phat thai CO2 va NO cho céc nha may nhiét dién
dbt than kiéu tang s01 tuan hoan ciing rat kha thi [1]. Bén canh do, cac nghién ctru mo phong s6 cling cho
ra cac hiéu biét tot hon vé dic tinh qua trinh chay, mac CO2 giam thiéu, hiéu suat qua trinh chay khi st
dung NHjs [3], [5,6]. Tuy nhién, co ché phan tng phat sinh NOx trong qua trinh dong dbt NH3 van con 1a
thach thuc trong cac nghién ctiru mé phong sd. Tong hop cac nghién ctru gan day vé d6t kém NHs trong cac
nha may nhiét dién than trén thé gi6i cho thiy cong nghé ddt kém NHs dugc trién khai sém nhét & Nhat
Ban ké tir nhitng ndm 2019 -2020 tai hai cong ty IHI va Mitsubishi [3], [7, 8]. Cong bd ciia nhom tac gia
Nagatani cung cong su (t6 chuc THI engineering, Nhat Ban) cho thdy hiéu suat khi dong d6t NH; va than
c6 thé dat twong tu trong trudng hop dot hoan toan than, dong thoi lugng phat thai NOx co thé giam so véi
dbt than khi 4p dung phuong phap dét phan cap va thay doi ti 1& cap khong khi [7]. Cong bd khac st dung
cong cu md phong CED duge thyc hién boi Zhang et al. (2020) cho thdy hinh dang ngon lira bi anh huéng
dang ké boi ty 1¢ dot kém NHs, khi ty 1& d6t kém cao hon 40%, ngon lira bi kéo dai qua muc din dén du
NHs ¢ dong khi ra, trong khi do, tang ty 1¢ d6t kem tir 10% - 40%, lugng phat thai NOx giam dan, tuy nhién,
néu ty 1& dot kém vuot qua 40%, luong NOx tang manh [5].

Viét nam hién nay la mt trong s6 cac quoc gia cd ty trong vé nhiét dién than cao trén thé gidi [9], dé
dat dugc muc tiéu nang lugng cho phat trién kinh té, cong suit nha may nhiét dién than khong ngimg ting
cao dén truée nam 2030, cu thé tir 20,056 GW (06/2019), ting 1én 47,600 GW (2025), va dat muc 55,300
GW (2030) [10]. Hai cong nghé d6t chinh tai cac nha may nhiét dién than tai Viét Nam, gdm c6 cong nghé
@bt than phun (PC) va cong nghé ddt tang s0i tuan hoan (CFBC) [9]. Hiéu suit nha may nhiét dién than tai
Viét Nam dao dong tir 32-41%, va co thé thap hon & muc 23 —26,38% do qua trinh van hanh 1du nam [9].
T nam 2000, cong nghé trong nha may nhiét dién than tai Viét Nam da dugc nang cép dé nang cao hiéu
sut cling nhu giam phat thai 6 nhiém ra méi truong, bao gdm ap dung hé thdng khir NOx, khir SO, hé
thdng loc bui EPS [9]. Tuy nhién cho dén nay, cong nghé thu hdi CO; van chua duoc ap dung. Theo théng
ké nam 2019, tdng luong phat thai khi nha kinh CO; tir nha may nhiét dién than tai Viét Nam la 136 triéu
tan, chiém 88% qua trinh san xuét dién [11]. Do d6, van d& giam phat thai COz, hudng dén muc tiéu phat
thai rong bang 0 theo cam két tai COP26 dat ra nhiéu thach thic cin ¢6 16 trinh va cong nghé hiéu qua [12].

Theo quy hoach dién VIII [13], Viét Nam dang ddy nhanh qua trinh sir dung ngudn ning luong tai tao
cling nhu “xanh héa” cac nha may cong nghi€p va nha may nhiét dién str dung nhién li€u hoa thach. Tuy
nhién, céng suat nha may nhiét dién than khdng ngirng phét trién dé dap tng nhu cau ning lugng cia su
phét trién. Trong nam 2022, cong suat nha may nhiét dién than dang hoat dong tai Viét Nam khoang 24.000
MW. Ngoai ra, khoang 6000 MW cong suét dién than hién dang duoc xay dung va 8250 MW da dugc cip
phép hoic chap thuan nhung van chua khai cong [11]. St dung nhién liéu amoniac dong dbt duoc dé xuat
nghién ctru 4p dung cho cac nha may nhiét dién than da hoat dong dugc 20 nam, theo ké hoach dinh hudéng
phat trién nha may nhiét dién than, giai doan 2021-2030 [13]. Pén nim 2050, nha may nhiét dién chuyén
hoan toan sang str dung NHj3 hodc nhién liéu sinh khéi [13].

Do d6, mot sb nghién ctru dién hinh gan day vé qua trinh ddng ddt than cho nha méay nhiét dién tai
Viét Nam da dugc trién khai, nhu 1a mé phong CFD qua trinh chdy trong nha may nhiét dién Duyén Hai 1
(cong nghé than phun — PC) dé danh gi4 ti 16 dong ddt, ché do khi dong trong 16 [14]. Thém vao d6, nghién
ctru md phong cho nha may nhiét dién Ninh Binh (cong nghé than phun — PC) chi ra rang dé ngon lira chay
t6t, nhién lidu than cin c6 luong chét bdc cao [15]. Nhiing loi ich k¥ thuat, kinh té, méi trudng, loi ich xa
hoi, cting nhu han ché vé tinh canh tranh giita nhién liéu sinh khdi va than, gia ban dién, co ché dic thi cho
viéc ddng ddt ciing dugc dé cap trong tai lidu [16], 4p dyng cho nha may nhiét dién than cy thé & Viét Nam.

Tuy nhién, viéc trlen khai cac nghién ctru dong d6t NH; v6i nhién lidu than vAn con kha méi mé tai
Viét Nam. Chinh sach gan day khuyén khich thuc day cic nghién ctru ing dung cong nghé dong dét nhién
liéu amoniac [13]. Hién c6 it b4o c4o vé loai dau ddt chuyén dung cho viéc ddng d6t amoniac/than, mic du
da c6 mot s6 tién bo trong cong nghé dong d6t than/amoniac. Do do, can thiét phai thiét ké mot dau dot dac
biét cho viéc dong ddt than/amoniac trong céc tng dung twong lai [17].

Trong nghién ctru nay, mot md hinh mo6 phong danh gia qua trinh hoa trén cua khi nhién liéu amoniac
va than dugc dé xuat trong mot dau ddt xody, str dung phan mém mo phong STAR-CCM+. Béc ddt xody
c6 mot dng phun nhién liéu amoniac dugc b tri tai tam béc dbt va vi tri phun nhién liéu c6 thé diéu chinh
bang cach ting giam chiéu dai cua éng phun. Phan bé van téc dong phun va phan bb ndng d6 nhién liéu
amoniac qua béc ddt duoc danh gia tai cac vi tri 0m, 0,4 m, 0,8 m, 1,0 m, va 1,2 m. Thong qua viéc danh
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gia anh huong cia vi tri phun nhién ligu amoniac, nham cung cip cac thong tin can thiét dé thiét ké, van
hanh béc dot nhién liéu than va amoniac dong thoi trong cac tng dung cdng nghiép.

2. PHUONG PHAP
2.1. M6 hinh toan hec

Dé danh gia dic tinh dong ddt ctia than va amoniac, mot béc dét xoay duoc sir dung lam mién mo phong
trong nghién ciru ndy. Phuong phap md phong s6 duoc tién hanh trén phan mém thuong mai Simcenter
STAR-CCM*. Hinh hoc béc d6t dugc nhép truc tiép vao phan mém CFD, ban vé& CAD tir STAR-CCM+,
thong sd chi tiét dwoc minh hoa trong Hinh 1(a) bén dudi. Mot dng phun nhién liéu amoniac dwoc b tri tai
tam béc ddt va vi tri phun nhién liéu c6 thé diéu chinh bang cach ting giam chiéu dai cua dng phun. Qua
d6, phan bd van téc dong phun va phan b ndng do nhién liéu amoniac qua béc d6t duoc danh gia tai cac
vitri 0m, 0,4 m, 0,8 m, 1,0 m, va 1,2 m. Mot s6 md hinh toan va phuong phap mé phong s dugc trinh bay
trong Bang 1 bén dudi. Dya trén mot s6 gia dinh nhu: (1) dong chay luu chit c6 dic diém cua luu chit
Newton, (2) méi truong lién tuc bo qua cac hat nho, (3) gia dinh Boussinesq trong d6 wng sut réi dugc thé
hién qua do nhét rbi, khi d6 do nhét cua dong thay ddi do dac tinh chay rbi, (4) dong rbi dang hudng véi
cac thanh phan r6i theo moi huéng nhu nhau, (5) gia s khong truyén nhiét va phan @ng héa hoc, (6) tinh
chét vat liéu 6n dinh va 12 hang sb.
Bang 1. M6 ta md hinh todn hoc sir dung trong mé phong CFD

Phuong trinh M0 ta toan hoc PT sb
ap
. N % +V-(pu) =0
Bao toan khoi lwong Trong 46 p 1a khdi luong riéng cua dong, u 1 vector van toc, va t 1a (T1)
thoi gian.
. d(pu) v C Up4v
Can bang dong luong ot + (puu) = -Vp + V- (z +,Tf),+ P9 (T2)
(PT Navier-Stokes) trong d6 T laing suat nhot cia dong, 7, la tng suat roi cuadong g la
gia toc trong luc (=9.81 m/s?)
Ning luong dong roi a(pk) 3
phat sinh (k) + V- (pku) = (M + )Vk + Py — pe (T3)
9(pe) 2
pe +V-: (peu) = <(u + %) Ve) + C15£Pk - CZEp%
Tocdo tié‘é t;%m dong roi | rone d6 g, = pC, = ® 1a.do nhot réi, P, 12 ngudn san sudt réi, va cac (T4)
€ hanQSOIaC—OO9ak—1OcrE—13
Cie = max (O 43 ) trong d6 n = —k Ce =19
a(PYi) H
Phuong trinh van chuyén 5c TV (uy) = <PD e )VY +5; 5
chat cua cac cau tw Trong d6 Y; 1a thanh phan khéi lwong cua chét i, D; lah¢ s khuéch tan
phén tir, Sc, la s6 Schmidt roi (~0.7), va S; la nguon vt chat.

Budng dot dugc md phong bing phuong phap thé tich hiru han voi s6 lugng thé tich vi phan dang da giéc
(polyhedral) 1a 2,5 tri¢u phan tur. Trong d6, céc vi tri €0 van toc cao dugc tach ra thanh nhieu phan tir the
tich vi phan hon nham nang cao d¢ chinh xac ctia mé phong CFD.
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(2)

Ving oxy nbng dé cao

Khéng khi cip 2 (bén ngoai)
; — e - - - -~
Khong khi cap 2 (bén trong) ; A ok
’ y nong do thap

Khéng khi so cép

Ving nhiét phan
amoniac

Phén phun than bt

X
yz

Gach chmu Itra

D6 dai éng phun ammoniac
dicu chinh

Q/
|y |
N—
D 0.08m
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@ 0,10m
@ 0,14m
@ 0,16m

(b) Khong khi cip 2 (bén ngoai)

Khéng khi cip 2 (bén trong)

Khong khi cp 1
Ong phun amoniac

Hinh 1. Cé}l trac cua budng ddt sir dung trong mo6 phong trén phan mém STAR CCM+
(a) so do mat cat, (b) mé hinh 3D béc dot va thdng so buong ltra, ¢) cau tric ludi

2.2. Piéu kién bién

Bang 2 thé hién cac diéu kién van hanh trong nghién ctu nay. Cong suat budng lira duoc thiét ké trong mo
phong nay la 15 MW nhiét [17], vé6i luu lugng nhién liéu than cap 1a 286,8 kg/gio. Buong kinh budng hira
dugc thiét ké 1a 10m, tong chiéu dai budng lira 1a 30m. Luu lugng khong khi so cap 1a 8320,547 m¥/gio.
Luu lugng khong khi thr cap trong va ngoai lan luot 1a 2936,664 m*/gio va 13214,987 m¥/gio. Ti I nhién
liéu amoniac dong d6t duoc thiét 1ap 12 10% (da vao cong suit nhiét dau vao), tuong ng véi luu luong
amoniac nap la 286,8 kg/gio. Ti 1¢ amoniac d6t kém duoc tinh dya vao nhiét tri nhién liéu va cong suat

nhiét cua budng lira, thé hién & cong thirc (1).
B (%) =100 )

C+N

Trong do:
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Qn: Cong sudt nhiét dau vao cua nhién liéu amoniac, KW,
Qc-n: Tong cong suat nhiét dong dot dau vao nhién liéu than va amoniac, kWi,

Bang 2: Céc diéu kién van hanh trong nghién ciru

Céc diéu kién van hanh Don vi Gia tri
Cong suat budng dot MW 15
Ti 18 NH;3 (theo cong suét nhiét) % 10
Luu luvong NHs kg/h 286,8
Luu lugng than, kich thude hat than < 100 pum kg/h 2068,7
Luu lugng khong khi so cép m/h 8320,547
Luu lugng khong khi thi cap trong m/h 2936,664
Luu luong khong khi thir cip ngoai mé/h 13214,987
Nhiét trj thap cta than [17] MJ/kg 23,49
Nhiét tri thip ciia NHs MJ/kg 18,8

3. KET QUA VA THAO LUAN

3.1. Anh hwéng caa vi tri phun nhién liéu dén dic tinh phan bé van téc dong phun qua béc
dot xoay

Ong phun nhién liéu amoniac duoc bé tri tai tim béc dbt va vi tri phun nhién liéu c6 thé diéu chinh bang
cach tang giam chiéu dai caa dng phun. Pic tinh dong phun amoniac qua béc dét dugce danh gia tai cac vi
triom, 0,4 m, 0,8m, 1,0 m, va 1,2 m. Khi dong hoc caa mo dét xoay dugc dic trung boi do xody S (khdng
thar nguyén), duogc thé hién qua cong thic (2).

G

Trong do: G, la thong lugng md-men dong luong theo hudng truc, kg.m?/s?, Gy la thong lugng mé-men
dong lugng tuyén tinh theo truc, kg/s?, R 1 ban kinh tai vi tri thoat ra cua mo dét, m.

Tay thudc vao nhién lidu dbt, dic tinh dong c6 do xody thap s& & mot gid tri gisi han, khong xuét hién
dong hdi luu. Khi do xoay dat dén giGi han duai, hinh thanh viing hdi luu trong dong khi. Ving hoi luu nay
6 tac dung nhu khi c¢6 vat hdm ngon ltra, khi ndng van chuyén ngugc dong va co tac dung 6n dinh ngon
lua [18], [19]. Hinh 2 the hi¢n dac tinh dong phun than va nhién li¢u amoniac qua béc db6t xoéy. Hinh 3
trinh bay gia tri chuan sé xoay cua dong phun nhién liéu amoniac qua béc dbt. Ket qua chi ra, gia tri chuan
sb x0dy cao nhat (0,28) tai vi tri ng phun 0,2m. Khi ting vi tri ng phun, chuan s6 xoay c6 xu hudng giam,
nhung khong dang ké, tir 0,28 (vi tri 0,2m) xuéng 0,27 (tai vi tri 1,2m).
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X

N2

Hinh 2. Phan bé van tdc dong phun va chuan sé xody caa dong phun

0.2 0.4 0,6 0.8 1.0 12

Khoang cach vi tri
phun NH; (m)

Phan
b
van
tée
(m/s)
Chuan s6 xody 0,280 0276 0275 0277 0277 0,270
Hinh 3. Phan b van toc dong phun va chuan s xody ciia dong phun nhién liéu amoniac
140 1
- 120 4
E
- 100 \
(=]
:-
b L
Q
O-
©
Q
7=}
=]
s
> - L\
L 1 1 1 1 0 1 1 1 1 ]

7 | E——
-0.75 -0.6 -0.45 -0.3 -0.15 20 EE 0.15 0.3 0.45 0.6 0.75
Vi tri theo hwong ban kinh (m)

Hinh 4. Van téc doc truc qua béc phun tai céc vi tri phun khéac nhau
Vi tri 6ng phun nhién liéu amoniac anh hudng dang ké dén phan bd van téc va ndng do amoniac bén trong
budng lra. Hinh 4 cho thay két qua van téc doc truc theo hudng ban kinh béc ddt, van téc doc truc cao nhat
tai tim cua dong phun. Ving van tdc doc truc &m, chi ra rang c6 xuat hién dong hudng nguoc lai. Két qua
trong Hinh 3 ciing cho thay, tai vi tri voi phun 0,8 m, bat ddu xuét hién viing hdi luu trung tAm, gié tri chuan
s6 X04y tai Vi tri phun nay dat 0,277. Chuan sb xody khong thay doi dang ké khi thay doi vi tri phun NHs.
Tuy nhién, tai vi tri phun 1,0m, viing xody hdi luu trung tAm xuét hién on dinh.
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3.2. Anh hwéng ciia vi tri phun dén dic tinh phan bd ap suit trong béc dot

Dua theo bicu dd van toc doc truc (Hinh 4), dong khi phun ra khoi béc dot bat dau c6 hinh thanh viing hoi
lwu trung tam tai vi tri phun 0,8m. Hinh 5 cho thay két qua phan bd ap suat khong thay doi dang ké khi thay
ddi vi tri phun NHs. Viing xody hdi luu trung tdm c6 ap suat am, diéu nay giup duy tri nhién li¢u chay kiét
bén trong. Tai vi tri phun 1,2m, dic tinh 4p suat dong phun c6 xu huéng mat 6n dinh.

Khoang cach vi tri
phun NH; (m)

.lvw

50

0,2 0.4 0.6 0.8 1,0 1,2

Phén bd
ap suat °
(Pa) 3

<-100

Hinh 5. Phan b6 ap suat qua béc bhun tai cc vi tri phun khac nhau
3.3. Anh huwéng caa vi tri phun dén dic tinh phan bo ndng d6 amoniac trong béc dot

Ong phun nhién liéu amoniac dugc bé trf tai tim béc ddt va vi tri phun nhién ligu c6 thé diéu chinh bang
cach tang giam chiéu dai ciia 5ng phun. Phan bé van toc dong phun va phan b nong d6 nhién li¢u amoniac
qua béc dot dugc danh gia tai cac vi tri 0 m, 0,4 m, 0,8 m, 1,0 m, va 1,2 m. Két qua mo phong duoc thé
hién trong Hinh 6, cho thy thay doi chicu dai ctia 6ng phun nhién ligu amoniac qua béc dot ¢6 anh hudong
dang ké dén dac tinh phan bd dong phun, didu nay dan dén hiéu qua chay trong budng lira ciing bi anh
huong. Thé tich ving c6 ndng d6 NH; cao giam dan khi ting khoang cach vi tri phun NH; so véi mo dét,
diéu nay gop phan tang hiéu suat chay bén trong buong lra. Khi tang khodng cach vi tri phun NHs so vei
moé d6t nham han ché nhién liéu amoniac & viing c6 néng d6 oxy cao, nguyén nhan do viing gan mo dot sé
dbt than truge. Tuy nhién, ¢ kha nang phat sinh NOx trong thuc té van hanh béc ddt.

Khoang cach vi tri
phun NH; (m)

0018
l: 0144

02 04 0.6 0.8 10 12

Phan
bo
NI,

(kg'kg) Iuw; = Q ? ?
0.0036
Ving néng dé NH, e P % W e
cao

Theé tich (m*) 0.5183 0.5086 0.4366 0.3368 0.3165 0.3278
Hinh 6. Phan bé ndng d6 nhién liéu amoniac qua béc phun tai c&c vi tri phun khac nhau
Hinh 7 tong hop ndng do khéi lugng NH3 véi cac vi tri phun NH3 khac nhau. Mac di chuan sé xody giam
dan véi khoang cach vi tri phun NH; ting 18n nhung khi khao sat viing c6 nong d6 NH3 cao thi xuat hién
thé tich nho nhat tai vi tri 1,0 m.
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Hinh 7. Thé tich viing ndng do NH; bén trong budng dét vai cac khoang cach vi tri phun NH3 khac nhau

4. KET LUAN

Trong nghién ciru ndy, dic tinh dong phun va phan b ndng do nhién liéu amoniac khi dong ddt trong
béc @6t xoay duoc khao sat, sir dung cong cu m6 phong CFD, dung phan mém STAR-CCM-+. Ti 1¢ nhién
liéu amoniac dong dbt 14 10% (dwa vao cong suat nhiét). Mot béc dot xody ddng d6t dong thot amoniac va
than dugc dé xuat. Ong phun amoniac duoc bb tri tai tim béc dot. Anh huong cia vi tri éng phun duoc
danh gla qua thay d6i tr 0 m, 0,4 m, 0,8 m, 1,0 m, va 1,2 m. Két qua cho thay, vi tri ong phun nhién li¢u
amoniac anh hudng dang ke dén dic tinh dong phun va ndng do amoniac bén trong budng ltra. Tai vi tri
o]l phun 0,8 m, bat dAu xudt hién vung héi luu trung tam, gia tri chuin sb xo4y tai vi tri phun nay dat 0,277.
Chuan s6 xoay khong thay d6i dang ké khi thay d6i vi tri phun NHs. Tuy nhién, tai vi tri phun 1,0m, viing
xody hdi lwu trung tdm xudt hién 6n dinh, két qua khao sat thé tich amoniac ra khoi béc dét ciing cho thay
gié tri dat thip nhat (0,3165 m®) tai vi tri nay. Két qua chi ra cho thdy khi diéu chinh vi tri voi phun tir vi tri
1,0m nay c6 thé tao duogc diéu kién chay 6n dinh. Tuy nhién, gi tri cta chudn s6 xody c6 thé thay ddi trong
diéu kién c6 phan tng, vi vay can danh gia trong nghién ciru tiép theo.

Dé ngon lira 6n dinh hon, ¢ thé ting goc xody cho béc dbt. Thé tich viing c6 ndng dd NH3 cao giam
dén khi tang khoang cch vi tri phun NHs so véi mo dét, diéu nay gop phan tang higu suat chay bén trong
budng hira. Dong thoi, khi tang khoang cach vi tri phun NHs so véi moé dbt nham han ché nhién liéu amoniac
¢ vung co ndng d6 oxy cao. Két qua nghién ciru 1a co so cong nghé tham khao cho thiét ké va van hanh cac
béc dbt nhién liéu than dong dot véi nhién liéu amoniac trong cong nghiép.
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NUMERICAL STUDY ON THE CO-INJECTION CHARACTERISTICS OF
COAL AND AMMONIA IN A SWIRL BURNER

NGUYEN HOANG KHOI**, NGUYEN TIEN ANH?, TRAN VAN BAY? PHAM HAI HUNG?,
NGUYEN THI TAM THANH?!, NGUYEN MINH CUONG?, NGO ICH SON?**
! Faculty of Heat and Refrigeration Engineering, Industrial University of Ho Chi Minh City
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National University, Gyeonggi-do, Anseong-si, Jungang-ro 327, 17579 Republic of Korea
*Corresponding author: ngoichson@hknu.ac.kr, nguyenhoangkhoi@iuh.edu.vn

Abstract. Co-firing NH3z with coal is a promising solution for reducing CO, emissions, although it remains
relatively new technology in Vietnam. This study employs CFD simulation using STAR-CCM+ software
to perform the spray characteristics and NHs concentration distribution in a swirl burner, with a co-firing
ratio of 10% NHs, based on thermal input. The ammonia injection tube length was adjusted at five positions
of 0m, 0.4 m, 0.8 m, 1.0 m, and 1.2 m. Results show that the injector position significantly affects flow
behaviors and NHs concentration. At 0.8 m, a central recirculation zone (CRZ) begins to form with a swirl
number of 0.277. At 1.0 m, the CRZ becomes stable, and the lowest NH3; concentration (0.3165 m3) is
observed, indicating favorable conditions for stable combustion. Increasing the injector length reduces the
volume of high NHs concentration regions, thereby improving combustion efficiency and limiting NH3
presence in high-oxygen zones. These findings provide valuable technical insights for the design and
operation of burners in coal-ammonia co-firing systems.

Keywords: Ammonia, coal co-firing, thermal power plants, numerical simulation, CFD, CO>
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