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(/NG DUNG MO PHONG SO NGHIEN CUU QUA TRINH
CHAY THAN TRONG LO HOT NHA MAY NHIET DIEN

APPLICATION OF NUMBER SIMULATION STUDY ON COAL COMBUSTION PROCESS

IN BOILERS OF THERMAL POWER PLANT

TOM TAT

Viéc nghién ctu nang cao hiéu qud str dung than antraxit khé chdy cla Viét
Nam da [a mot nhu cau cap bach hién nay. Muc dich cla bai bédo la ting dung phan
mém CFD dé nghién ctu, danh gia qua trinh chdy bot than trong 10 hoi dét than
phun. Két qua nghién cu cho thay nhiét dg chdy tao ra trong trudng hgp than Hon
Gai la I6n nhat dat 1615°C. Nhiét do chay clia than nhap khau nhé nhat nhung ¢6
lugng chat bdc trong than Idn lam cho sy khdi ddng ngon Ita chdy tot. Tl két qua
nay gidip ta nghién cGu tim ra mt ty 18 tron thich hgp d€ tan dung hiéu qua ngudn
than ndi dia trong nuéc, ddm bao nang cao dd tin cdy trong van hanh.

Tirkhéa: Dét than, mo hinh CFD, nha mdy nhiét dién.

ABSTRACT

The research to improve the efficiency of using Vietnam's non-combustible
anthracite coal is an urgent need. The purpose of the paper is to apply CFD
software to research and evaluate coal powder combustion in coal-fired boilers.
Research results show that the maximum burning temperature in the case of
Hon Gai coal is 1615°C. The burning temperature of imported coal is the smallest
but has a large amount of volatile in the coal, which makes for a good flame
ignition. From this result, we can research to find out an appropriate mixing ratio
to efficientlly use domestic coal resources in the country, ensuring improved
reliability in operation.

Keywords: Coal combustion, CFD model, thermal power plant.
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1.GIGI THIEU

Theo qui hoach dién VII hiéu chinh nam 2016 cla Viét
Nam, danh gia dién nang san xuat ti nhiét dién than luén
tang va chiém ty trong I6n trong co cadu ngudn dién. Nhién
liéu st dung chinh la than antraxit va mot s6 sir dung than
bitum va & bitum nhap khau [1]. Qua trinh chay bot than Ia
hién tugng phuc tap clia chudi cac phan tng ly héa phtc tap
[2]. Hiéu qua clia qua trinh chdy phu thudc vao nhiéu yéu t6
nhu dac tinh nhién liéu, phan cap ty 1é khéng khi so cép,
khong khi thi cap, kich thuéce hat than [3]. Viéc tng dung mé
phoéng s6 nghién cuu, danh gia, kiém ching qua trinh chay
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bt than trong 10 hoi nham tim ra giai phap dét hgp ly, dam
bdo van dé nang cao d6 tin cdy trong van hanh, gidm phat
thai, tdn dung nguén than néi dia sdn co la van dé dugc
nganh nhiét dién rat dugc quan tam hién nay.

Trén thé gidi da cé nhiéu cong trinh khoa hoc nghién
clu qud trinh chdy bot than s dung céng cu CFD
(Computational Fluid Dynamics), dac biét la cac nghién ctu
vé qua trinh chay bot than 10 hai kiéu tiép tuyén [4, 5, 6, 9,
10]. Viéc md phong trén may tinh giup phan tich nghién
cliu qua trinh chay dé dang, giam chi phi va tiét kiém thoi
gian hon so véi phuong phép thi nghiém truyén thong.
Muc dich bai bdo nay Ia mé phdng trudng nhiét do, van téc
va su hinh thanh cla cac chat khi trong qua trinh chay bot
than trong 10 hoi nha may nhiét dién.

2. MO PHONG SO QUA TRINH CHAY BOT THAN
2.1. Mién tinh toan va diéu kién bién

Mién tinh toan la buéng d6t 16 hoi ciia Nha may nhiét
dién Ninh Binh, c6 dang 16 hinh ch( M nhu hinh 1. Cé bén
cum voi phun than dat tai 4 goc 16. Méi mét cum voi gém
nhiéu voi phun than va khi. D€ don gidn héa mé phéng thi
ta moé hinh hoa méi cum voi d6t thanh 3 miéng phun, méi
miéng phun déng thdi ca than va khi. Cac kich thudc cua
mo hinh dugc lay theo kich thudc that cta 10 trén ban vé
V@i ti 1& 1:1: Chiéu cao |16 H = 23,5m; BEé ngang 1o L = 12,6m;
Bé rong vuing buéng dét L, = 7,6m; L, = 7,9m;

Vi tri cdc miéng voi dét lan luot tai H, = 6m; H, = 8m;
H; = 10m; Cac miéng voi coi nhu c6 dang tron, ban kinh 0,2m.

_235m

Hinh 1. M hinh budng dot 10 hoi theo ti & 1:1

Hudng phun: Hai voi d6i dién nhau phun déng phuong
vGi nhau. Moi cum voi d6i dién lan lugt hgp véi tudng 1o
cac goc 39° va 48° Hudng phun song song véi phuang
ngang. Su bé tri phun nhu nay sé tao ra mét vling xody cua
ngon Ita & trung tam 1o, gitp tang hiéu qua dét chay than.
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Hinh 2. Huéng phun khi va than tai cdc miéng voi phun

Tinh chat cda than va khi c6 trong mé hinh chay dugc
trinh bay nhu trong bang 1.

Bang 1. Thanh phan cau tao clia ba loai than: Than Hon Gai, than nhap khau
va than tron

Phantichxapxi,AR |Don | Than | Than | Thantréntilé
vi |HonGai | nhdp | 9:1theo khéi

khau lugng

Do dm % 6,38 20,62 7,804

Chat boc % 7,37 38,45 10,487

Xi % 25,33 9,23 23,72

(oc % 60,92 31,7 57,998

Phan tich chinh xac, DAF | - - - -

C % 90,06 74,29 88,483

H % 34 512 3,572

S % 0,91 0,45 0,864

N % 1,52 1,49 1,517

0 % 4.1 18,65 5,564

Nhiét tri thuc Kikg| 21844 | 18125 214721

(Ngudn: Phong KCS Cong ty than Hon Gai)
2.2. M6 hinh toan va phuong phap sé ciia mé hinh CFD

Cac phuong trinh co ban nhu phuong trinh lién tuc,
phuong trinh dong lugng, phuong trinh nang lugng,
phuong trinh réi, phuong trinh phan ting héa hoc dugc roi
rac héa bdng phuang phép thé tich hiru han [4]. Thuat toén
coupled biéu dién su tuang quan &p suat va van téc, moé
hinh chuyén déng réi k-epsilon Realiable, mé hinh buic xa
Discrete Ordinate Method (DOM) va mé hinh dong phan
Ung cho pha khi Eddy Dissipation dugc st dung trong tat
ca cac trudng hgp mod phong. Tat cd cdc mé hinh déu &
trang thai tinh va bé qua sy anh hudng cla trong luc.

Su chuyén déng cla cac hat than dugc tinh toan theo
cdng thic Lagangian [3,10]. Qua trinh thoat chat boc va coc
dién ra khi cac hat than dugc phun vao va hoa tron véi
dong khi trong buéng d6t [8]. Qua trinh chay gilia chat boc
va khong khi dugc tinh todn bang moé hinh tiéu tan xody
(Eddy dissipation). Ca ché phan ting hai buéc nhu sau:

Than + a0, — bCO, + cH,0 (1
CO +1/20, — CO, )

Trong d6 a, b, c la cac hé s6 phan tng phu thudc vao
thanh phan, tinh chat cda than.

Qua trinh chay bét than dugc mo hinh hoa bang phan
mém ANSYS CFD phién ban 15.
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3. KET QUA VA THAO LUAN

Sau khi thiét lap xong cac diéu kién dau vao cho moé
hinh, ta tién hanh chay giai. L&i giai sé hoi tu t6t nhat téi ca
10 sau hon 500 vong lap. Cac két qué can quan tam trong
qua trinh chay than gém: Phan b nhiét dé trong 10; phan
b6 van téc dong khi; chuyén dong cla cac hat than va phan
b6 cac san phdm chay CO,, NO.

DPé phan tich cac két qua ta si dung hé toa dé XYZ nhu
hinh 3, v6i géc nam tai day 10, truc Z hudng thdng duiing 1én
trén theo chiéu cao cla lo.

Hinh 3. Hé toa d0 str dung trong phan tich két qua

Ta st dung cac mat cdt ngang nhu hinh 4 dé thé hién va
danh gia cac phan bé nhiét do, van téc va nong dé cac
chat. Vung buéng dét nam gilta hai mat cat ngang Z = 3m
va Z = 15m sé la khu vuc dugc nghién ctu chinh. Cac mat
cdtZ=6m,Z=8m va Z=10m la cdc mat cat di qua vi tri
cac voi phun.

Z=15m

3.1. Két qua chay than Hon Gai
3.1.1. Truong nhiét dé
A ——a

|

5 = : P

¥=3.95m

=] \“L-.,\_ "ﬁ)ﬁ,

Hinh 5. Phan bd nhiét d9 tai mat cat gida o (Y = 3,95m)

Tu hinh 5 cho thay, nhiét d6 cao (ving mau cam va do)
phan bé tap trung & trung tdm cta buéng dét. Nhiét do 16n
nhat trong 16 dat dugc 1a 1615°C. Hinh 6 va 7 biéu dién su
phan bé nhiét dé trén cac mat cat ngang cho thay, di tu
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thdp 1én cao, nhiét d6 trung binh trén cac mat cat c6
xu huéng tang dan, dat gia tri cao nhat tai Z = 9m. Mat cat
Z =6m, 8m va 10m cé gia tri giam xuéng la do day la cac vi
tri 6 dong hdn hgp nhiét d6 thap di vao 16. Bat dau tur mat
cat Z = 11m thi nhiét d6 trung binh bat dau giam.

(11100 (21150 (3200 (411350 (511300 (B350 (71400 (B)1450  (9)1500  (10HSSD  {111600
} | } |

Hinh 6. Phdn bd nhiét d6 tai cdc mat cdt trong viing budng dot
Nhiét dé (°C)
1390
1370 I
1350
1330
1310
1290 I

1270

1250 - L
3 a s s 7 s o 10 11 1z 13 14 1s

VT tri cdo mdr cdt ngang Z (m)

Hinh 7. D4 thi nhiét d6 trung binh tai cdc mdt cat ngang

Pi tur thap 1én cao, xu hudng chung la & vung gitia 16 ¢
nhiét d6 cao hon khu vuc thanh 16, va c6 xu huéng giam
dan ti tam 10 ra tai thanh 1. Tai 3 mat cdt Z = 6, 8 va 10m,
coi vuing c6 ngon Ifa mau vang va mau do la vung cé nhiét
dd cao nhat khi d6 ngon Itra c6 dang léch ra khéi hudng
phun va tao thanh mét vong tron quanh tam 16. Diéu nay
6 thé dugc giai thich khi ta nhin vao quy dao chuyén déng
cUa cac hat than trong hinh 6. Hinh 6 cho thdy, cac hat than
tai mat cit Z = 8m ciing chuyén déng léch khoi hudng
phun khi di gan vao tam 1. Vung mau bién d&i thé hién su
bién déi khéi lugng thanh phan céc trong hat than, tuc la
tai ving nay hat céc dang xay ra hién tugng chay. Cac hat
than chuyén dong theo mét dang xodn 8¢, ¢6 xu hudng
bay Ién phia trén va thoat ra ngoai. Tuy nhién cling c6 mét
s6 hat chuyén déng xuéng phia dudi day 10.

3.1.2. Truéng vén téc

Hinh 8 cho thay, dutng dong ctia dong hén hgp trong
16 c6 dang xo0an 6¢ huéng lén trén. Mat cat tai Z = 8m cho
thay c6 thé coi tdm x04n ndm tai tam 1d. Do d6 ta chon mét
truc thdng ding di qua chinh gilta cdc mat cit ngang dé
xét gia tri van toc géc clia dong khi trén cac mat cat nay, gia
tri nay I6n thé hién rdng vung khi tai dé c6 do xoay 16n.
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Hinh 9 va 10 cho thay, trén cac mat cat viing c6 dé xody Ién
nhat la viing tdm 16 va gidm dan gia tri khi tién dan ra thanh
[6. Mat cat tai Z = 6 va 10m c6 gia tri van tc géc I6n nhat
(dudng nét dut dé va xanh trén hinh 11), tic la dong hén
hagp tai hai mat cat nay c6 d6 xoady I6n nhat. Di l1én cao d6
x0dy c6 chiéu huéng giam (dudng lién mau vang va xanh
luc). Vung géan day 10 (Z = 4m) dong hén hop it xoay
(dudng lién mau tim).

Hinh 8. Duting dong van tdc clia dong khi trong 10 va tai mat cit Z = 8m

Phan bd van 1dc goc [s~-1)

T T T T T 1
5y 3 {6y 4 (7) 5 B8 & 9 7 10y 8

4y 2

f " T
1) -1 ) o 31

Hinh 9. Phan b6 vén toc goc cta dong khi tai 3 mat cdt qua vi tri cac voi phun

Phan béd van tbe Z m s=-1]

I ¥ ¥ T 1
1y 0 2y 2 13 4 4y & 5y &

Hinh 10. Phan bé vén toc theo phuong Z tai 4 mat cit

12

1
= T
El{) LTy
= B

A

= 8 -
= A
g, b M,
E : ==
2 \‘___ ~
2,0 DNy 10

i —— ST X~
% '-~_._,-...___‘ \‘I“t‘n\
P A . e
= 2 = s S3=_

0 03 06 09 12 15 18 21 24 27 3 33 36

Bén kinh duréng tron tinh tir tam 16 (m)

———Z=4m — @ ~Z=6m — @ =Z=8m — & -Z=10m Z=12m —e—Z=14m

Hinh 11. D4 thi phan bo vén toc géc tai cac mat cat

Trén hinh 9 thé hién phan bd van téc theo phuong
thdng ding clia dong hén hop. Tai mat cit Z = 6m, vung
xanh dam ngoai dai mau & gilta mat c3t thé hién gia tri van
téc am, tuc la dong hén hgp chuyén déng huéng xudng.
Theo chiéu di 1én, van téc theo phuong Z c6 gia tri tang
dén, thé hién dong hén hgp chuyén dong lén trén véi toc
dé nhanh dan, ving phia trong chuyén déng nhanh hon
vung ngoai thanh.

Nhu vay c6 thé thay rang cac phan b nhiét d6 va van
téc déu cho vlung gia tri cao nam & tam 10 va gidm dan khi
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di ra phia thanh 6. Diéu nay cho thdy mot su dac trung
trong qua trinh chay clia than trong 10 hoi.

3.1.3. Phdén bé sén phdm chdy

Trén hinh 12 cho thdy, khi CO, phan b6 kha dong déu
véi ndng dd cha yéu la tur 1 - 1,2mol/m’. Tuy nhién trén
hinh 13 cho thdy, ving day 16 c6 ndng dé cao hon moét chit
vdi gia tri dat tai mat cat Z = 4m nam trong khoang 1,2 -
1,4mol/m?. Cac vi tri mat cat con lai cho gia tri ndng dé cha
y&u ndm trong khoang 0,6 - 1,2mol/m?.

" -

Y o= 395 vy

E

e s

Hinh 12. Phan bd ndng dd khi €0, tai mét cat giifa o

Phéin bd COZ thea ndng &4 mal {mod m*-3]

(1) 0.0 (2)0.2 (3104 (4) 0.6 (8 1.0 T11.2

J I
- Ao A

Z=Bm

(5} 0.8 (8) 1.4

Z=4m

- -
.-" .

Z=10m Z=12m

Hinh 13. Phan b nong do mol khi €0, tai cac mat cat

No6ng dé NO dat dugc ¢&2,1.10* dén 1,2.10°mol/m>®. Néng
dé nay tang dan theo chiéu cao trong 16 va dat cao nhat &
vlng ra cda 16. Néng d6 cao nhat nay tai mat cat ra khoi lo co
gia tri 1,1.10™* dén 1,2.10"mol/m? phan bé kha déu.

& khu vuc néng d6 NO thap (viing thap cua 16), NO tap
trung nhiéu & 16i 16 noi bat dau xay ra phan tng chay. G
khu vuc néng d6 cao (6ng khoi), viing tap trung NO ¢6 xu
hudng bam vao thanh 16 noi dong it bi xao tron, tao diéu
kién cho phan ung hinh thanh NO.

Z=14m

MNong do mol NO
1.225e-003

I 1.133e-003

1.0400-003
9.4850-004
B.564e.004
¥ Bdde-004
B F23e-004
5 803004
4 883e-004
3.962e-004
3042e-004

2.122e-004
[mal m*-3]

im)

Hinh 14. Nong dd mol NO tai mt cat gitia 10 (hinh a) va mat cat dau ra (hinh b)

So sanh phan bé nhiét dé va néng d6 NO nhu hinh 14
cho thdy, NO khong hinh thanh nhiéu & viung cé nhiét do
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cao nhat ma tap trung phia trén, & luéng khi di ra khoi viung
nay. Diéu nay phu hgp vai ly thuyét hinh thanh NO, [7]: NO
khéng dugc tao ra ngay & vung ngon Idfa ma & sau ving
nay. Hinh 15 vé néng d6 mol NO tai cdc mat cat khac nhau
trong viing budng d6t cho phép lam r6 thém nhan xét vé
hinh thanh NO tai vung thap cuda 16: Tai méi mat cat trong
vung buéng dét, NO tap trung & vung gita lo.

Hinh 16, 17 xét trung binh trén cac mat cat, néng dé NO
néi chung tang dan theo chiéu cao 10, trir mat cat 6m la noi
dat cum voi phun dau tién c6 su gidam néng do.

Mo do mal NO
1 2256-003
1 171e-003
- 11182003
I~ 1.065e-003
F 1.011e-003
95810004
[ 8.048e-004
[ B 516004
7 9B36-004
74502004
8817004
6.384e-004
- 5 852004
- 5.319s-004
- 4.T860-004
- 4.2553e-004
3720e-004

3 18Te-004
3 695004
21220004

Imal m*31

Hinh 15. Phan bd nhiét d va nong do NO

Mong o smal NG

[rvcal emv-3]

. . y T T T T T T 7 4 1
218004 3.02-004 5 02-004 4.92-004 5.82-004 6_72-004 7.6&-004 8 6e-004 9 56004 1.02-003 1 16-003 1.26-003

Hinh 16. Phan b6 ndng do mol NO tai cdc mat cdt trong viing budng dot

N(")ng @6 mol NO trung binh tai cic mat cat trong viing
buong dot

0.0010

.

0.0009

0.0008

0.0007

0.0006

0.0005

Ning df mol NO (mol/im?)

0.0004

0.0003

3 - 5 17 7 B 9 1o 11 12 13 14 1s
Vi tri cic mdt cat ngang Z (m)

Hinh 17. D6 thi nong @6 NO trung binh tai cdc mét cat ngang
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3.2. So sanh két qua véi hai truéng hgp than nhap khau
va than tron

So sanh két qua phan bé nhiét do 3 truong hgp nhu
hinh 18 cho thay nhiét dé chéy tao ra trong trudng hop
than Hon Gai la I6n nhat, nhiét d6 chay cta than nhap khiu
4 bitum Indonesia nhé nhat. Diéu nay dé hiéu do than Hon
Gai ¢6 ham lugng cacbon I6n nhat, than nhap khau cé
lugng cacbon nhoé nhat, ma cacbon la thanh phan chinh
sinh nhiét lugng trong qua trinh chdy.

Phin b nhigt 49 cla 3 TH than ici

[ e—— ] P— |

T T T |

(11000 (2M050  ()NI00 (1150 (51200  (B)1250 (THI300 (8350 (911400 (10)1450 (11)1500

Fion gei

I
o

Hinh 18. Phan bd nhiét do tai mat cat gida 10 clia 3 trudng hOp than

Phan b nhist 43 sla 3 TH than tal Z = 8 m i<

—|

(11108 (211150 (31200 (4} |?n ﬁn'&m (611350

_,_ﬂ 'ﬁ‘ >

>3 Qh_j‘ 5

Nhap khdae Tron 9:1

T ——

(711400 (81450 (E)1S00  (10)1S50 (111600

zZ=

Hon gar

Hinh 19. Phan b4 nhiét do tai mat cat Z = 8m ctia 3 trudng hgp than

Tuy nhién than nhap khau lai c6 uu diém la lugng chat
béc trong than Ién, lam cho su khai dong ngon Ita chay
tét, diéu nay co thé dugc quan séat trong hinh 19. Trén hinh
9 cho thay, vung nhiét d6 cao do than Hon Gai tao ra I6n
hon nhung nhiét d6 cao nhat nam & trudng hop than nhap
kh&u. Nhu vay viéc tron than cé uu diém la tan dung dugc
ham lugng chat béc trong than nhap khiu, ti d6 tao ra
dugc su khéi dau chay tot (nhiét d6 khai dau chéy cao),
nhung nhugc diém lai lam cho téng nhiét lugng sinh ra
gidm do ham lugng cacbon trong than nhap khau thap.
Qua két qua mé phdng phia trén ta can nghién cdu tim ra
mot ti [& tron thich hgp dé hai hoa dugc uu nhugc diém va
nhugc diém trén. Bdng 2 1a mot sé gia tri nhiét dé phan bé
trong [0 vé6i 3 trudng hgp than.

Bang 2. Nhiét do trung binh tai cdc mdt cat ngang clia 3 trudng hop than

Vi tri mat cat Nhiét d trung binh tai cic mat cit ngang (°C)

ngangZ(m) | ThanHonGai | Thannhdpkhdu | Thantrdn
3 1312,29 1206,5 1294,84
4 1332,56 1232,27 1316,8
5 1342,38 1246,61 1326,94
6 1278,95 1202,58 1265,66
7 1351,68 1264,59 1339,98
8 1304,74 1237,66 1294,98
9 1377,52 1295,92 1366,86
10 1319,34 1252,09 1310,71
1 1369,31 1283,23 1357,74
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12 1370,8 1279,94 1358,56
13 1364,73 1272,94 1352,35
14 1357,17 1264,82 134,66
15 1350,97 1257,93 1338,22
4, KET LUAN

Qua qua trinh nghién ctiu da xay dung dugc mé hinh
mo phdng phan bé nhiét do, dong van téc ciia dong khi va
phan bé nong do6 khi CO,, NO trong buéng dét khi dét than
Hon Gai. TU d6 ti€n hanh so sanh phan bé nhiét do6 trong 3
trudng hgp than Hon Gai, than nhap khiu, than tron va dua
ra dugc két qua phan bo nhiét tai cdc mat cat trong buéng
dét than phun. K&t qua nghién ctu trén da chi ra uu nhugc
diém cla ting loai than, tir d6 tién hanh nghién ctu vai
nhiéu ty & tron khac nhau dé tim ra ty 1é tron phu hgp cho
hiéu suat chay trong buéng dét Ia cao nhat. Dic biét c6 thé
tan dung hiéu qua s&r dung ngudn than noi dia trong nudc
mot cach t6i uu, ddm bao van dé nang cao dé tin cay trong
van hanh, gidm phat thdi trong cdc nha may nhiét dién
than. Viéc st dung mdé phéng s6 vao nghién ctu chay than
I3 hoan toan kha thi va rat c6 tiém nang phat trién tai Viét
Nam. Trong tuong lai, nhém tac gia sé ti€p tuc nghién ctu
cac ti lé trdn than khac nhau nham tim ra ti 1& tron thich
hop nhat dé t8i uu qua trinh chay trong buéng dét.
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