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tron trong cac 16 hoi dot than phun trén mé hinh moé phéng
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Abstract

It is nescesssary to study on enhancing the effeciency of coal combustion in the coal-fired boilers in
the operating power plants in Vietnam. The major aim of this research is that utilise CFD (Computational Fluid
Dynamics) tool to access the coal combustion processes of the tangential fired pulverized coal boiler in Ninh
Binh thermal power plant and consider the influences of the blending coal to combustion processes.
Regarding to results of velocity and temperature fields, it is shown that a combustion zone was created in the
center of furnace with the temperature ranging from 1540 to 1640 degree-C. The resident time of coal
practicles was above three seconds ensuring to burn out. The char convertion rate is relatively high (99.48%,).
It was increased to 99.63 in the case of the blending coal of 5%, however, it was decreased to 99.57% and
99.45% in the case of the blending coal of 10% and 20% respectively. An increase in the blending ratio
results the faster volatile burning rate and the lower char burning rate in the same simulated conditions.

Viéc nghién ctru nang cao hiéu Suét chéy than déc biét Ia than antraxit kho chay cua Viét Nam
da la mot nhu céu thuc té cdp bach. Muc tiéu chinh cua nghién ctru la (ng dung phan mém CFD dé
nghién ctru, danh gia qué trinh chéy bot than trong 10 hoi dét than phun kiéu tiép tuyén va ‘nghién ctru
anh huwéng cua viéc trén than nhap khau Indonexia (4-bitum) véi than ndi dia (Hon Gai) dén qua trinh
chay. Két qua phén tich khi dong hoc va nhiét do cho thdy qua trinh chéy tao thanh ving trung tdm
budng dét, nhiét dé trong khodng 1540°C — 1640°C. Thoi gian lwu lai cac hat than trong budng dot Ién
hon 3 gidy di thoi gian dé chéy kiét hat than. Ty Ié chuyén héa coc cao (99.48%). Ty 1é chuyén héa céc
tang Ién 99.63% khi ty 1é trén than nhap la 5%, tuy nhién khi tang ty 1é tron Ién 10% va 20% thi ty Ié
chuyén héa céc gidm xubng tuong tmg la 99.57% va 99.45.Téc d6 chéy chét béc téng, téc do chay coc

giam khi tang ty 1é trén.

T khéa: Mé hinh CFD, Qua trinh chay bét than, tron than, 16 hoi dét than phun kiéu tiép tuyén.

1. Mé& dau

Theo Quy hoach dién VII diéu chinh, nhiét dién
than chiém ty trong cao trong co' ciu san xuét dién,
chiém 49.3% [1. Theo quy hoach dién VIl diéu
chinh, d@én nam 2020 thi lwong than thiéu hut cho
san xuét dién 1a 48 triéu tAn [1]. Lwong than thiéu
hut dwoc bu dp bang than nhap khau. Van dé dat
ra la s dung hop ly ngudn than noi dia va than
nhap khau dé én dinh cung cép than lau dai va déng
thdi nang cao hiéu suét, gidam phat thai trong cac
nha may nhiét dién than.

Qua trinh chay bét than la hién twong phirc tap
ctia chudi cac phan &ng ly-héa phirc tap [2]. Hiéu
qua clia qua trinh chay phu thudc vao cac yéu té
nhw d&c tinh nhién liéu, cp va phan cép ty lé khong
khi cdp mét, khong khi cap hai, kich thuéc hat than
[3]. Phwong phap trén cac loai than khac nhau véi
sy thay déi vé diéu kién lam viéc cta budng dbt c6
thé 1a mot gidi phap dé nang cao hiéu suét chay va
gidm phat thai dang dwoc nha nwédc quan tam.

Viéc thuc hién theo cach thi nghiém truyén théng
rat tbn kém, mét nhiéu thoi gian dé xay dwng mé
hinh vat ly, qua trinh kiém soat va van hanh qua
trinh chay rat phirc tap tuy nhién viéc trén may tinh
nwin nhan tich nohidn vl oA I'rhr\l'\I Chéy dé déng
E-mail: dung.leduc@hust.edu.vn p toan ly thuyét

qua trinh chay CFD, qua dé giup gidm chi phi va
tiét kiém thoi gian.

CFD dwoc str dung rong rai nhw la mét céng
cu dung dé mé ta qua trinh chay bot than trong
budng dét 16 hoi, ché tao va t6i wu héa céu tao
budng dbt ciing nhw voi dét bot. Nhirtng tng
dung mé hinh CFD trong cac nganh cong
nghiép chay va san xuét ning lvong duwoc néu
trong. Da c6 nhiéu cong trinh khoa hoc nghién
clru qua trinh chay bét than s&r dung cong cu
CFD, d&c biét la cac nghién ctru vé qua trinh
chay bét than 16 hoi kiéu tiép tuyén cia T.
Asotani va cdng sy, 2008 [4], Choeng Ryul Choi
va Chang Nyung Kim, 2008 [5], Cristiano V. da
Silva va coéng sy, 2010 [6], nghién clru anh
hwéng cla tron than dén quéa trinh chay trong
budng dét 16 hoi, R.l. Backreedy va cong sw,
2005 [10], Y.S. Shen va cbng s, 2006 [11].

Muc dich ctia nghién ctru nay la mé phoéng
trwong tbc d6, nhiét do, sw chuyén dong cua
cac hat than va sy hinh thanh clia cac chat khi
trong qua trinh chay bot than trong budng dét 1o
hoi kiéu tiép tuyén SG-130-40-450 tai nha may
nhiét dién Ninh Binh; xem xét danh gia anh
hwdng cla trén than dén qua trinh chay bot
than.



2. M6 phéng sé qua trinh chay bét than

2.1 Mién tinh todn va diéu kién bién

Mién tinh toan & budng dét 16 hoi SG 130-40-450
kiéu tiép tuyén dwoc minh hoa nhw trén hinh 2.1.
Kich thuwéc chidu cao x chidu rong x chiéu sau lan
lwot 14 26 x 6.6 x 6.8 m. Lo hoi gébm 8 voi dét NOx
thdp dwoc bd tri theo 4 cum voi dét & bdn goc
budng dbt tr mat cat A dén mat cat C (Hinh 2.1.b).
M&i cum voi dét gom 2 voi dét NO, thap, xem k& Ia
cac miéng gio cap 2, gio cép 3 duoc bd tri & phia
trén miéng gi6 cap 2 mét khoang 0,5 m. Mbi voi dét
NO, thap dwoc chia thanh 2 voi véi hai dong dam
dac va dong loang. Dong dam dac voi ty 1é khéng
khi va than A/C = 1.0 dwgc hinh thanh & phia trong
gan trung tdm budng Ira d&m bdo cho su bat Ira
s&m va on dinh va nhw vay sé gidm dwoc tén that
chay khéng hét vé mat co hoc, q,. Dong loang véi ty
l& A/C rat bé, qua trinh chay xay ra trong ving oxy
héa manh mé nhuwng nhiét d6 thdp nham han ché
sy hinh thanh NO, va déng thoi ngan cach dong
khoi néng & trung tam chay va vach buong Itra. Diéu
nay c6 kha nang khéng ché va han ché hién twong
déng xi trong budng Ira.
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Hinh 2.1. M6 hinh budng dét 16 hoi SG-130-40-450
Tinh chat cta than va diéu kién bién dwoc biéu
dién nhw trong bang 2.1 va bang 2.2 dwéi day. Mau
than trong bang 2.1 dung dé md phdng c6 cac thanh
phan twogn ty so v&i mau than dang st dung tai
nha may dién Ninh Binh. Cac diéu kién bién dwoc
gitr nguyén cho tat ca cac trwong hop tron than

khac nhau: 5%, 10%, 20%.

Bang 2.1 Phan tich thanh phan than
Thanh phin cong nghé Than Hon Gai |Than nhap
Am H20 % 6.38 20.62
Chitbbée  |[VM % 737 38.45
Tro A % 2533 9.23
Cée FC % 60.92 31.7
Thanh phin héa hoc
Cacbon C % 90.06 74.29
Hydro H % 34 5.12
Luu huynh |8 % 091 0.45
Nito N % 1.52 1.49
Oxy 0 % 411 18.65
Nhiét tri thép|NCV Kkl/kg 21844 18125

Bang 2.2. Diéu kién bién

Théng sé Ponvi | Gia tri
Lwong than tiéu thu t/h 19.526
Tong lwgng giod thyc Nm®/h 117995
Ty lé gié cép | % 25

Ty lé gi6 cap |l % 48

Ty |& gi6 cap Il % 27
Nhiét d6 gi6 cép | oC 245
Nhiét do gi6 cap Il oC 395
Nhiét d6 gi6 cap I oC 90
Hiéu suat phan ly % 90

2.2 M6 hinh CFD

2.2.1 M6 hinh toan va phuwong phap sé

Qua trinh chay bét than dwgc mé hinh héa
bang st dung phdn mém ANSYS ACADEMIC
RESEARCH CFD phién ban 16.1. Cac phwong
trinh co ban nhw phwong trinh lién tuc, phuong
trinh ddng lwong, phwong trinh nang lwong,
phwong trinh rdi, phwong trinh phan &ng hoa
hoc dwoc roi rac héa bang phwong phap thé
tich hiru han [4]. Thuéat toan coupled biéu dién
s twong quan ap suat — van tbc, mé hinh
chuyén dong réi k-epsilon Realiable, mé hinh
brc xa Discrete Ordinate Method (DOM) va mé
hinh dong phan @&ng cho pha khi Eddy
Dissipation dwoc st dung trong tt cd cac
trwong hop méd phéng. T4t cd md hinh déu &
trang thai tinh va bd qua sy anh hwéng bdi
trong Ilyc. Sy chuyén dong cla cac hat than
duoec tinh toan theo cbéng thirc Lagangian [3,11].
Sy twong tac gilra cac hat than va khi dwgc tinh
cho méi 25 vong lap. Qué trinh thoat chat bbc
va chay céc dién ra khi cac hat than dwoc phun
vao va hoa trén véi dong khi trong budng dét
[9]. Qua trinh thoat chat béc dwoc mé hinh hda
b&i moé hinh don bac nhat va téc do thoat va
chay chat béc dwoc dién td bdi Arrhenius
[3,11,14]. Qua trinh chay git*a chat béc va
khéng khi dworc tinh toan bang md hinh tiéu tan
xody (Eddy dissipation). Co ché phan tng hai
bwé&c nhw sau:

Than + a0, - bCO + cH,0 (1)

CO + %0, > CO, (2)

Trong d6 a, b, ¢ 1a cac hé sb phan &ng, phu
thudc vao thanh phan, tinh chat caa than.

Qua trinh chay cbéc duwoc tinh theo
kinetics/diffusion-limited model. Téc d& phan (rng
bé mat dwoc tinh xac dinh dwa theo téc dd dong
hoc (kinetics rate) hodc tbc d6 khuéch tan
(diffusion rate) [6,8,14]. Chi tiét cac mé hinh dwoc
trinh bay cu thé trong Fluent 16.0 User’s guide.

2.2.2 Quy trinh gii

DPé 161 giai bai toan nhanh hoi tu, quy trinh
giai gdbm 5 buéc trong nghién ctru nay nhw duéi
day [14]:



1. Chay chuwong trinh vé&i 300 vong lap cho dong
khéng phan (rng, tirc la gidi bai toan chi véi dong
khéng khi khéng c6 sy phun hat than.

2. Khéi tao cho bai toan dong phdn tng bang
cach patch nhiét d cao cho vung phan trng va chay
1 bwéc 18p dé khéi tao ngon Ira.

3. Chay chuwong trinh véi 500 vong 1ap cho dong
phan &ng

4. Kich hoat mé hinh btrc xa Discrete Ordinates
va chay chwong trinh véi 500 buéce 1ap

5. Kich hoat s twong tac birc xa gilra cac hat va
giai bai toan dén khi hdi tu tr 3000-4000 budc 13p.

3. Két qua va thao luan

3.1 Két qua qud trinh chdy than Hon Gai

3.1.1 Truong téc dé va quy dao chuyén déng cua
hat than

Sw phan bd van tc va vector van tbc tai cac mat
cat ngang hinh 3.1. Téc d6 dong cao nhat & gan cac
miéng voi dbt va gidm dan khi di vao budng dbt. Mot
vong trong twdng twong ngwoc chiéu kim déng ho
dwoc hinh thanh tai trung tam budng dét. Dong xoay
manh & ving chay (mat A, B) dac biét tai mat cat C
dong bi xody manh, vong tron twéng twong co lai
vao trung tdm budng dbt. Ra ngoai vung chay, mat
dd dong xody yéu dan (mat D) va cé xu huéng tan
tir trung tdm ra ngoai (mé&t E). Profile van téc trén
mat C trén hinh 3.2 d& chi ra réng, van téc co gia tri
gan bang 0 & trén bé mat twong 10, van téc tang dan
khi vao trung tdm bubng dét va dat gia tri cwc dai &
khoang gitra tdm budng dbt véi twong, sau dé giam
dan khi di vao tam.

D& nghién ctu sy chuyén dong cla cac hat than
trong budng dét, quy dao cda hat than dwgc phan
tich tlr hai voi phun dién hinh & hai vi tri khac nhau
twong ng & chiéu cao 1a 8.7m va 9.8m (hinh 3.3).
Sw chuyén dong cua 10 hat than dwoc nghién clru
cho méi voi. Quy dao chuyén dong cla hai voi c6 sy
khac biét ré rét. Mot sd hat dwoc phun vao tir ¢6 vi
tri thAp hon (voi phun 1) cé xu hwéng hinh thanh
xody & day budng dét va cudi cung di I1én qua ving
xody trung tdm budng dét, trong khi d6 cac hat & voi
phun hai di qua vung vong tron trung tam va di 1én
theo dong khoi ra ngoai. Két qua nay twong ty véi
két qua trong nghién ctru [8]. Do d9d, thoi gian lwu
cta cac hat phun ra tir voi hai thdp hon so véi cac
hat phun ra t& voi mét, véi thoi gian lwu 16n nhét
twong tng 1a 5.3 giay va 59 giay. Ty & chuyén ddi
chay chét bdc 1a 100% va cbe 1a xap xi 100% (bang
3.1). Qua d6, cho thdy thdi gian lwu cac hat than
trong budng dét 1a di cho qua trinh chay kiét hat
than.

3.1.2. Trrong nhiét dd
Sw phan bd nhiét d6 trén cac mét dwoc minh hoa
nhw trén hinh 3.4. Nhiét do twong dbi cao & vung
trung tdm budng dét (hon 1600°C) noi quéa trinh

chay dién ra. Nhiét do6 cé sy phan ting theo
chiéu cao budng dét. Nhiét d6 hén hop bot than
va khéng khi & khoang 250°C tang dan dén
nhiét dd cwe dai 1650°C & trung tam budng dbt
(mat A, B, C). Nhiét dé trung binh tang theo
chiéu cao budng dbt tr m&t A — C do cwérng do
chay tang. Khi ra khéi vung chay (mat D — F),
nhiét d6 gidm do sy trao déi nhiét birc xa va dbi
lwu gitrba dong khi va twéorng budng dét. Nhiét do
trung binh cla khoi trwéc khi ra budng dét 1a
961°C thap hon gia tri nhiét dé do tai nha may
cung Vi tri 1a 39°C. C6 thé thay, két qua nay &
m&c chdp nhan dwoc. Nhiét do thay doi theo
chiéu ngang va chiéu cao budng dbt dwoc minh
hoa trong hinh 3.5. Theo phuwong ngang, nhiét
doé cao nhat & khu vwc cach tworng mot khodng
1m va gidm dan khi vao tam budng dét.
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Hinh 3.3. Thoi gian lwu va quy dao clia hat than



Xu hwéng twong tw voi sy thay déi cta profile
van téc (hinh 3.2). Ngon Itra tao thanh moét vong
xody (cau Ikra) di 1&n trong ving chay (hinh 3.6) &
nhiét dd 1500°C. Theo chiéu cao nhiét do tang dén
gia tri cuc dai & chidéu cao 11m va sau d6 giam theo
chiéu cao budng dét khi & phia trén vung chay.
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Sy phan bé ty 1& khéi lugng O, va CO, dugc Hinh 3.9. Sy thay d6i nong d6 O,, CO,
minh hoa trén hinh 3.7 va hinh 3.8. Nong d6 O, B & @ =

twong ddi cao & vung gan voi dt. Oxy chira trong
khong khi dwoc phun vao budng dbt, hdn hop véi
chét bbc thoat ra khu virc gan miéng voi dét va dién
ra qua trinh chay do do lwvgng O, gidm nhanh chong
va xap xi bang 0 & trong ving chay do chéat béc
chay hoan toan & trong vung nay (hinh 3.10a). Phia
trén vung chay, O, c6 gia tri cao va gidm dan theo
dong khéi ra khdi budng dét. Trong viing chay,tc do
chay cbc dién ra cham hon so véi chay chéat béc va
tdc d6 chay dat cuc dai & vang voi gié cap ba (hinh
3.10b). Vung nhiét d6 cao twong &ng v&i vung
lwgng O, thap (hinh 3.9a,b). Ty 1é CO, hinh thanh
biéu dién theo quan hé ty 1& nghich véi O, nhw trén

hinh 3.7b, 3.8b va hinh 3.9. R e | irmeem T
Hinh 3.10. Toc d6 thoat chat boc va chay coc

3.2. Anh hwéng cua tron than dén qua



trinh chay

Khi trén than hai loai than c¢o tinh chat khac nhau
vé thanh phan nhién liéu dan dén sw khac nhau vé
d&c tinh chay. Bang 3.1 trinh bay sy chuyén hoéa
chét béc, cbc cla cac hat than va téc dd chay khi
chay than tron. Chat béc dwoc chuyén héa hoan
toan 100% cho tAt ca cac ty 1& tron. Ty lé chuyén
héa cbc tang khi ty I& tron than nhap la 5%, sau do
gidm cho céc ty 1&é 10% va 20%. Do thanh phan chét
béc trong than nh&p cao hon nhiéu so v&i than Hon
Gai (bang 2.1), ham lwong chét bbc tang khi tang
dan ty 1& than nhap dan dé&n ham lwong chét bbc
thoat ra nhiéu hon, qua trinh chay chat bdc can
nhiéu O, hon va téc d6 chay chat béc ciing tang
theo, twong rng véi doé la lwgng O, gidm cho qua
trinh chay coéc va téc dd chay coc giam trong diéu
kién khong khi cap khong dbi.

4. Két luan

CFD da mé phéng thdi gian Iwu cac hat than
trong budng dét l1a phu hop cho sy chay hoan toan
cla cac hat than. Khi tron gitba hai loai than véi
nhau sé& gay anh hwdng dén dic tinh cGa qua trinh
chay. Ty I& chuyén hoéa céc ting l1én 99.63% khi ty 1&
trén than nhap 1a 5% so v&i 99.48% khi dét than
Hon Gai, tuy nhién khi tang ty 1€ tron 1én 10% va

20% thi ty 1& chuyén héa cbc giam xudng twong tng

la 99.57% va 99.45. Do d6, trong qué trinh dbt than
tron can diéu chinh lweng khong khi cap vao budng
dét dac biet 1a ty 1& khong khi cap mot. Tron than
cting anh huéng dén tbc do clia qua trinh chay, cu
thé téc dd chay chat bdc ting, téc dd chay cbc gidm
khi tang ty 1& tron.

Két qua thu dwoc tir nghién clru sé dinh huéng
cho qua trinh thi nghiém dbt than tron trén md hinh
thuwe té dang van hanh tai nha may.

Bang 3.1. Ty I& chuyén hoa hat than va téc do chay

Ty Ié tron HG | 5% | 10% | 20%
g}:)“ye” héaVM | 160 | 100 | 100 | 100
Chuyén hoa 99.48 | 99.63 | 99.57 | 99.45
FC(%)

Tbc d6 chay coc

x 10°° 1.9802| 1.93 |1.8587 |1.8191
(kg/s)

Tbc d6 chay

chét bbc 0.6202|0.7734| 0.8863 | 1.1639
x 10 (kg/s)

L&i cam on

Xin chan thanh cdm on H6i Khoa hoc va Ky thuat
Nhiét Viéet Nam da hé tro kinh phi va can bd nha
may Nhiét dién Ninh Binh da cung cép sb liéu, tao
diéu kién trong qua trinh nghién ctru.
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