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NGHIEN CUU ANH HUONG CUA HAM LUQNG CHAT BOC
TRONG THAN TRON PEN HIEU SUAT LO HOI TAI NHA MAY
PIEN NINH BINH

STUDY IMPACT OF VOLATILE CONTENT OF BLENDED COAL
ON BOILER EFFICIENCY AT NINH BINH THERMAL POWER

PLANT
Ths. Nguyén Chién Thang, TS. Hoang Tién Diing,

PGS.TS. Tran Gia My, TS. Lé Btrc Diing

Bai béo trinh bay téng quan tai liéu nghién ctru ly thuyét va thuc nghiém vé nhiét dé bét chay, néng
do boét than hop ly cla than antraxit chat béc thdp va than bitum chét béc cao. Trén co s& ké thira
nhiing nghién ctru da dat dwoc trong nghién ctru thue nghiém, xac dinh dnh huéng cta ham luong chéat
béc trong than tron dén hiéu suét 16 hoi tai NMND Ninh Binh.

1. MO BAU

Than Antraxit Quang Ninh dung trong nha may
dién cha yéu la than cam 4, 5, 6 theo TCVN, chay
it khéi, ham Iwo’ng cac bon (C) cao (trung binh

60%), chat béc (V©) thap (tr 3% dén 7%), lwu
huynh (S) thap (0,6%, cé thé 1én dén 1,4 % déi voi
than Vang Danh) tro (A) cao (v 25% dén 36%),
khé bat chay. Téng sb ham lwong oxit silic va oxit
nhém trong thanh phan oxit trong tro déu Ién hon
80%, tro kh6 néng chay [1], [2], [3].

Dé than antraxit bat Iba s6m va 6n dinh can:
nang cao nong do bot than trong dong hon hop
gi6 cap 1; chon d6 min bét than thich hop; nang
cao nhiét d6 gié cap 1 va nhiét dé gié nong; tang
cuwong hoi lvu khéi ndng vao vang bat Itka cta bot
than; dap dai chay cach nhiét dé tang cuong nhiét
btrc xa trong vung bat Ira; Tang cwdng thoi gian
lwu cta dong hon hop trong vung bat Itra; lwa
chon ti 1é gi6 cap 1/cap 2 t6i wu [1], [2], [3].

Nhw vay, do chéat bdc cia than antraxit thap
nén phai can dén nhirng giai phap phtrc tap. Chéat
bdc cta than cé &nh hwéng rat I6n dén qua trinh
chay than. Chét béc cang nhiéu thi than cang xdp,
vi vay than cang dé& bét Ira va chay kiét. Than
Antraxit Viét Nam c6 chéat béc thap nén rat kho bat
ICra va ddi héi nhiét dd bat chay cao.

Dé than antraxit chay sém hon va kiét hon
can tang chat béc bang tron than antraxit noi dia
véi than nhap khau cé chét béc cao hon nhiéu
lan. Ciing xuét phat tr quan diém nay, Hoi Khoa

hoc Ky thuat Nhiét Viét Nam dé xuét Dé tai nghién
clru khoa hoc cp Nha nwéc: “Nghién clru coéng
nghé dét than tron cua than khé chay véi than
nhap khau dé chay nhdm nang cao hiéu qua
st dung nhién liéu tai cac nha may nhiét dién
dét than & Viét Nam”.

Cung véi cac két qua thu duoc tr cac thi
nghiém dbt than tron tai NMND Ninh Binh va céac
thdng tin lién quan da dwoc trinh bay trwdc day,
trong bai bao nay chung toi tiép tuc trinh bay cac
két qua nghién ctru ly thuyét va thwc nghiém vé
anh hwéng cla ham lwong chat bbc trong than
tron dén hiéu suét 16 hoi tai NMND Ninh Binh.

2. KET QUA NGHIEN cUru

2.1. Nghién ciru ly thuyét va thwc nghiém
trwédc day

1. Nhiét do6 bat Itra [1], [2], [3].

Ham Iwong chét béc cia than anh hwéng rét
I&n dén sw bét Ira, chat bdc cang thép thi nhiét
do bét Ira cang cao, lwong nhiét yéu cau dé dat
t&i trang thai bat Ira cang 1én. Ngwoc lai, do tro
va d6 &m cla than cang cao thi nhiét d bat Itra
va nhiét lwong yéu ciu dé dat t6i trang thai bat
ICa cang lon.

Nhiét d6 bat Ira clia dong bot than chi yéu
phu thudc vao chat bdc cla than, vao diéu kién
gia nhiét va tan nhiét ctia dong hén hop & dau ra
voi phun trong budng Ilra. Tai diu ra voi phun
dong hon hop bt than dwoc bao boc bdi dong
gi6 cép 1 va cép 2 va dwoc gia nhiét b&i dong
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khéi néng cé nhiét d6 cao hdi lwu. Vi vay qua trinh
bat Itra vira cwdng blrc vira tw nhién. Diéu kién
t&i han cla sw béat Ira dwoc bidu thi bang hé
phwong trinh:

Q1=Q2
00, _ 00,
oT oT
Trong do:

Q; - Nhiét lwgng hoa hoc
Q> - Nhiét lvong toa

Gia thiét nhiét d6 bot than truéc khi bat Itra khong
cao, phan &ng hoéa hoc trong dong trwédc khi bat
Itra nam trong ving ddng hoc. Luc d6 nhiét lwong
hoa hoc sinh ra do chay bt than Qq 1a [3]:

_ [ 273p,0, ' ! L
Q1 _¢le[ To j /|:K0 eXpl—E/(Rsz)J+ﬂ:|

(W/m?)
Nhiét lwgng tod tr hat bét than ra méi trwdng Q»
la [3]:
0, = a(TbI _T0)+ a‘o-o(ThAlt _Tc?)
Trong do:
Q' nhiét tri bot than;
n  cép phan (rng, ldy gan ddng n = 1;
a do den clia ngon Itra;
hang sé Boltzman, W/ (m?°K*);

[0) dai lwvong dac treng lwgng tiéu hao
than khi chay v&i mot kg 6xy.

Than céc, khéng cé chat bée co:
¢ = 0,375 kg (C)/ 1kg(Oz);
B6t than cé chét béc ¢ nhw sau:

(W/m?)

Oo

Than Antraxit ¢ = 0,531,
Than da ¢ = 0,58,
Than néu ¢ =1,13.

Po - Khéi luong riéng ctia Oxy (kg/m®)

0, - Ndng dd Oxy trong méi trwérng phan rng (%)
T, - Nhiét d6 dong hén hop bt than va gié néng
(°K)

R - Hang s6 chét khi (kJ/mol.°K)

E - Nang lwong hoat héa bé mat hat than
(kJ/mol)

K, - Hé sb va dap (m/s)

a - Hé s6 trao dbi nhiét ddi lwu gitra bot than
v&i dong gié ndng (w/m? °K)

B - Hé sb trao dbi chat (m/s) dwoc chon nhw

sau:
T
Nu ,D, —°
_ 273
IB =
d
Trong dé:
Nug- Tiéu chuan Nussel, d& dé tinh toan
ta chon Nug = 2
Do- Hé sb khuyéch tan phan t&, (m?/s)
dpt-  Buwong kinh hat bét than, um

Puwa Q; va Q, vao hé phwong trinh diéu kién
t&i han cda sy bat Itka & trén, co thé tim dwoc
nhiét do t&i han cla sw bat Ira Ty, va nhiét d0 moi
trwéng clia moi chat can thiét T dé gia nhiét cho
dong hén hop ciing nhu lwong nhiét bat Ikra Q.

Pai lwong dac trung cho qué trinh tw bat Itra
la chi sb hoat tinh Tys. Day 1a nhiét do tai thoi
diém téc do tw gia nhiét dat 15°C/1giay trong qua
trinh nung mau boét than thi nghiém & diéu kién
giau 6xy. Néu chi sb Tq5 cao cé nghia 1a hoat tinh
ctia than thap va do d6 kho bat Ira. Khi than cé
chi s6 Ty516n hon 280 thi khé bét Itva [3].

Chi s6 hoat tinh phu thudc vao chét bdc cua
than va dwoc tinh theo cbng thirc sau [3]:
Tis=229,7 - 0,01041 (VC- 27.5)

Trong @6 V°la chat béc trong than.

Chi sb hoat tinh (RI) la khai niém ma Foster
Wheeler dwa ra d& danh gia kha nang bat chay
cla than. RI dwoc thé hién bang nhiét d6 bat dau
chay clia mau than dwoc dat trong thiét bi thi
nghiém tiéu chuan khi dwoc gia nhiét dan lén.
Nhw vay, Rl cling twong dwong véi nhiét do bat
chay ma lau nay chung ta van quen st dung. Do
thi mdi quan hé gitra Rl va ham lwong chét bbc
mau chay do Foster Wheeler xac dinh ciing hoan
toan phu hop véi cdng thire thre nghiém trén [3]
(xem hinh 1).
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Hinh 1: D4 thj méi quan hé nhiét do pét Itra Thl (T15, RI) va
ham lwong chét boc Ve



NLN * 127 - 1/2016 *

Chi sb chay bét than (F1) dwoc xac dinh trong
10 nung thi nghiém nhw sau: Nhiét do cula Io nung
dwoc nang dan Ién; Pwa 6 xy va bét than vao; Bt
than chay & nhiét d6 nao thi nhiét d6 do dwoc goi
la FI. Két qua thi nghiém cta Alsthom cho thay,
chi sO FI clia bt than antraxit Viét Nam ciing rat
cao, n6 dao déng trong khoang 625-800°C, trung
binh FI =700°C.

Déi voi thi nghiém trong maéi trwong c6 dong
khoi nong héi Iwu (16 thwe), nhiét d6 bat chay cla
b6t than antraxit 1&n t&i 1000°C trong khi véi than
nau la 550°C[3].

2. Nong do dong bét than [1], [2], [3].

Nang cao ndng do bot than & dau ra voi phun
lam gidm Iwong nhiét can thiét d& bat Ira dong
b6t than.

Sau khi biét dwoc nhiét do bat Itra (bat chay)
c@a hat bcf)t’ than Tzh, co thé tinh dwoc lwong nhiét
can thiet de bat chay 1 kg bét than nhw sau:

th = (Cr + I/lcvk )(Tzh _TO)

Trong d6: Cr va Ck nhiét dung riéng cla hat
bét than va gi6é cap 1,

V1 14 lwong gi6é cap 1 dé chay 1kg bot than

To nhiét d6 ban dau ctia hén hop gi6 cap 1 va
b6t than

C6 thé thay rang khi néng d6 bodt than tang
Ién, nghia la lwong gié cip 1 gidm dan dén Qzh
giam, va bot than cang dé bat Itra. Nong dd than
khac nhau thi lwgng nhiét can thiét dé bat Itra cla
than ciing khac nhau, s6 liéu thi nghiém xem bang
1.

Bang 1: Nhiét luong cén thiét dé bat chay 1 kg than
bét (MJ/kg)

Néng d6 05 10 15 20 25 30 40 50
(kg/kg)

Than 166 1,16 0,99 0,91 086 083 0,79 0,76
Bitum
Than 2,15 1,44 1,21 1,09 1,02 097 094 0,92
Anthraxit

Cac gia tri thi nghiém trong bang gia thiét rang
nhiét do bat chay cda than Bitum 500°C va cla
than Anthraxit Ia 700°C.

Néng dé bot than & dau ra voi phun tang lam
tang tbc do6 phan &ng hoa hoc (phan (rng chay)
trwdc khi bot than bat chay. Do vay luong nhiét
phat ra do phan &rng chay sé tang Ién, diéu nay
thuc day hat bot than bat chay.

Néng do bot than & dau ra voi phun téng lén
lam ting d6 den cla ngon Itra va tang lwong hap
thu nhiét birc xa clia ngon Itra.

Tuy nhién néu néng dd boét than quéa cao,
khéng chi lam cho lugng 6 xy duwa vao bij thiéu,
anh hudng dén su chay kiét ciia chat béc ma con
anh hwéng dén nhiét dd cia ban than hat bot than
va lam cho s bat Itra bj kéo i lai.

Nhw vay, ton tai mot gia tri néng do cé loi nhat
cho sy chay 6n dinh cGa bét than. Hinh vé 2 trinh
bay mdi quan hé gira cac loai than va néng do
hén hop cé loi nhat, than cang cé chat bbc thap
bao nhiéu, thi ddi hdi néng dd bét than trong dong
cép 1 cang cao bay nhiéu [3].

Khoang cach bét Iira(mm)
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Né&ng d6 bét than (kg/kg)

1. Than anthraxit 2. Than Bituminous
Hinh 2: Trinh bay moi quan hé gitra cac loai than va nong
dé hon hop co lgi nhat
3. Toéc dd gi6é cap 1
Lwu lwong gié cap 1

Néu ty 1& gi6 cap 1 cang cao thi nhiét lwong
can thiét d& dat t&i trang thai bat Itra sé cang 16n.
B&i vay than cang kho chay thi can chon ty 1& gio
cap 1 cang thdp. Tuy nhién lwong gi6é cép 1 can
phai d&m bao cac y&u cau cla sw chay 6n dinh
nén gié cap 1 khong dwoc chon qua thap. Ty Ié
gi6 cép 1 théng thwong dwoc chon cho than &
bitum c6 thé cao gap doi so véi than antraxit.

Téc do gid cap 1

Nhién liéu cang c6 nhiéu chat bbc thi tbc d6
dong hén hop- khéng khi ra khdi voi phun cang c6
thé chon I&n. Khi than co chat béc thap thi thoi
gian chay cang dai, chiéu dai ngon Ilra cang lén,
néu khi &y chon téc do ctia dong ra khdi voi phun
I&n thi bot than chay c6 thé vang téi twong budng
ICra, gay nén dong xi trén twong.
Toc do gi6 cap 1 khong duoc chon qua nho vi sé
dan den sw phan ly than bot, mat khac cing
khong dwoc chon qua Ion vi nhw vay sé dan dén
kéo lui sy bat ICra ra xa miéng voi phun.
Toc dd gio cap 1 phu thudc vao loai nhién ligu,
cau tao, vi tri dat ctia voi dot va budng Ira.
Déi voi voi phun det (nhw thiét ké ban thé cla 16
hoi NMD Ninh Binh), toc d6 ra khéi voi phun cap 1

3
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la 18—?5 m/s v&i rjhién liéu than antraxit va 22-27
m/s doi voi than gay [3].
4. Tilé va toc do gioé cap 2/cap 1

Ty lé gitra gid cAp mot va cap hai phai dam
bdo sao cho khong lam lanh trung tam ngon Ilra,
gay kho khan cho phan (rng chay, va ciing khdng
kim ham phan (rng do thiéu oxy.

~ D6i voi nhién liéu c6 nhiéu chat bdc thi gio
cap 1 nhiéu hon véi cac loai nh[én liéu it chat boc.
V&i voi phun c6 kha nang khuyéch tan Ion thi dua
gié cap 1 it hon loai voi phun c6 kha nang khuéch
tan kém.

Xac dinh ty 1& t6i wu cua gi6 cap 1 va cép 2
du’e] véq [o] I,é viéc rat kho khén phu thuéc v?o rat
nhiéu yéu t6 sau: Coéng suat cda 6 hoi; Cau tao
voi phun (cac kich thwéc hinh hoc, goc mé-..., loai
voi det hay tron); Cach dat cac voi phun trén
twong buong Itra; Loai nhién liéu va tinh chat hoa
hoc cla né; Yéu cau clia cong nghé budng Itra.

Theo cac nghién ciru trwdc day, déi véi nhién
nhiéu c6 ham lwong chét bbc thap, ty 1é gi6 cép 1
thap va gié cip 2 cao, khi st dung nhién liéu cé
chét béc cao hon, ty 1& gi6 cap 1 ting 1&n va gi6é
cép 2 gidm dan [1], [2], [3].

2.2. Két qua thi nghiém tai nha may dién Ninh
Binh

Phwong phap thi nghiém va xt ly sé liéu
Phwong phap thi nghiém, thiét bi do va xt ly sb
liéu tuan tha theo Quy trinh hwéng dan hiéu chinh
|6 hoi do Céng ty dién lwc mién Bac ban hanh
nam 1979 va tham khéo tiéu chuan thi nghiém 1o
hoi cia My: ASME POWER TEST CODES
Steam Generating Units PTC 4.1- 1964, c6 tham
khao cac ban : PTC 4-1998 va PTC 4-2008.

1. Nong do dong bt than

Két qua vé néng dd dong bot than tbi wu
trong qua trinh thi nghiém dwoc trinh bay & hinh
dwéi day (hinh 3).

Néng do bét than tdi wu theo ham lwgng chéat boc
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Hinh 3: Néng dé bot than & phu tai dinh mirc

Nhan xét:
- Néng do bot than gidm dan khi tang chét béc va
dat gia tri t6i wu twong (rng véi chat boc 1am viéc
khoang 11%.
- Nong dd bot than gidm khéng déu do diéu chinh
chéng doéng xi budng dét [4].
2. Téc dd gid cap 1

Két qua vé tbc do gio cap 1 t6i wu trong qua
trinh thi nghiém dwoc trinh bay & hinh dwoi day
(hinh 4).

Téc do gi6 cap 1 téi wu theo ham Iwong chéat béc

23
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Téc do gi6 cap 1 téi wu
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Ham Iwgng chat béc Vc(%)

Hinh 4: Téc d6 gi6 cép 1 téi wu & phu tai dinh murc

Nhan xét:
- Téc dd gi6 cép 1 toi wu tang dan khi ting ham
lwong chéat béc va dat gia tri dn dinh & khoang 22
m/s.
- Lo hoi thi nghiém ctia NMND Ninh Binh co voi
phun UD dwoc cai tién tir voi phun det. Téc do gid
cap 1 t6i wu phu hop véi nghién ciru ly thuyét,
thwe nghiém trwdc day dbi voi than antraxit va da
tiém can véi gia tri ap dung cho than gay.
- Téc do gié cép 1 tdng khong déu do diéu chinh
chbng déng xi budng dét [4].
3. Tilé va toc do gié cap 2/cap 1

Két qua vé anh huéng cla ti 1& va tbc do gid
clp 2/cAp 1 trong qua trinh thi nghiém la twong
ddng nhau [4].

Do thi phdn anh su thay dbi cla ty sb tbc do
gi6 cap 2/cap 1 theo ham lwong chat béc dwoc
thé hién & hinh 5.
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Téc dd gi6 cap 2/cap 1 tdi wu theo ham Iwong chat béc
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Hinh 5: Sw thay déi ty sé gi6 cap 2/cép 1 téi wu theo ham
Iwrong chat boc

Nhan xét: Ty sb téc d6 gid cap 2/cap 1 tbi wu co6
xu hwéng gidm nhwng khong thay déi ré rang
trong cac ché do thi nghiém, diéu nay dwoc ly giai
la déi v&i than ham lwong chéat béc cao hon, bén
canh sy téng 1én cua gi6 cap 1, lwong khoéng khi
ly thuyét yéu cau cao hon lwong gié cap 2 ciing
cao hon. Day ciing 1a sw hai hoa vé ché do khi
dong déi vai mot dang budng dbt, ké& ca khi nhién
liéu thay ddi.
4. Hiéu suét

Hiéu suét trong thi nghiém thay déi v& ham
lwong chéat bc nhién liéu dwoc thé hién qua hiéu
suat chay (chi tinh dén ton that chay khong hét vé
mat hoa hoc, co hoc) va hiéu suét 16 hoi (tinh ca
thém ton that theo khoi thoat, tod nhiét ra méi
trwdng va tén that nhiét do tro xi). B4 thj phan anh
bién thién hiéu suat chay va hiéu suét cia 16 hoi
trong thi nghiém theo ham lwong chat béc duoc
thé hién & cac hinh sau (hinh 6 & hinh 7).

Hiéu suat chay & phu tai kinh té theo ham lwgng chatbéc
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Hinh 6: Hiéu suét chay theo ham lwong chét béc

Hiéu suéat 16 hoi & phu tai kinh té theo ham lwong chat béc
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Hinh 7: Hiéu suét 1o hoi theo ham luong chét béc
Nhan xét: Hiéu suét chay va hiéu suét 16 hoi ting
theo ham lwong chét béc va dat gia tri Ion nhat &
gia tri ham lwong chat béc lam viéc khoang 11%.
So sanh véi ché do dét hoan toan than antraxit
(chat bbc 6%), hiéu suat chay cao nhat ting 3%
va hiéu suét 16 hoi tang 2%.

3. KET LUAN
Két qua dat dwoc

Trong cac thi nghiém tai 16 hoi thuc té, khi ting
ham lwong chét bbc, ndng d6 dong bét than tbi wu
giam xudng; Téc d6 gi6 cap 1 (dong bot than) tbi
wu tang lén; Ty I& téc do gid cap 2/cap 1 t6i wu
gidm xubng nhung khong rd rang, hiéu suét chay
va hiéu suét 16 hoi tang lén. Cac sy thay doi trén
khéng hoan toan tuyén tinh ma ton tai gia tri t6i wu
(dat dwoc & gia tri chat béc 1am viéc 11%), diéu
nay dwoc ly gidi do dac tinh cua 16 hoi st dung
tién hanh thi nghiém.
Dé xuat
1. Trong khudn khé dé tai than tron 1an nay, chua
c6 da diéu kién dé thi nghiém kiém chirng nhiét do
bat chay bot than theo ham lwong chét béc. Can
xay dwng chwong trinh thi nghiém tiép theo dé
lam sang té van dé nay.
2. Hiéu suét chay tdng nhiéu hon hiéu suét 16 hoi,
vi vay dé co thé khai thac hét wu diém cla than
trén chat béc cao, can co cai tao hé théng trao ddi
nhiét sdn cé cda 16 hoi.
3. Co thé dung théng sé “ham lwong chat bbc” dé
thay thé cho “ty 1& trén than” trong cac nghién ctru
vé than tron sau nay.
4. Cac két qua thé hién & trén cling c6 thé si
dung tham khao dé& phuc vu cho céng tac thiét ké
cac 16 hoi xac dinh dét nhién liéu than tron sau
nay.

ABSTRACT
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This paper represents overview of theoritical
and exprimental research on rational ignition
temperature, coal density of anthracite and high-
volatile bituminous coal. Based on and inherits
experimental results, impact of volatile content of
blended coal on boiler eficiency at Ninh Binh
thermal power plant is determined.
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