Thiét bi nhiét: Pong phat

DPONG PHAT

L. GIOT THIEU ..uuueeeveneecnnencnensesesssesessssessssesssssssssssesssssssssssesssssssssssessssssessses 1
2. CAC LOAI HE THONG DONG PHAT.......ouurrnerrnencrennenerensessssesesssessssens 2
3. PANH GIA CAC HE THONG DONG PHAT.......couuerrrererenncrerersesensenes 10
4. GIAI PHAP SU DUNG NANG LUQNG HIEU QUA .....cueeererercrennenn. 14
5. DANH SACH SANG LOC GIAIL PHARP........ueeeeeererenrereresesessesssesanns 16
6. BANG TENH...u.ooureeeeerenecrnnenesensesssessesessesssesssssssesssssssessssesssessssessesssssssese 17
7. TAI LIEU THAM KHAOQ ....ouueeeereecrenncresesesesesssssessssssssssesssssssssssessssess 19
1.GIOI THIEU

Phﬁn nay néu tém tit nhitng dac diém chinh ciia hé théng dong phat hay hé thong Nhiét-Dién
ket hop (CHP).

1.1 Pong phat 1a gi?

Hé théng dong phat 13 cach san xuét lién tiép hodc dong thoi cac dang ning lugng hitu ich
khac nhau (thuong ¢ dang co hoc va nhiét) bang mot hé thong don, hodc hé thong tich hop.
H¢ thong CHP bao gom mdt so cac b phén nhu dong co so cap (dong co nhiét), may phat,
thu hoi nhiét va hé thdng ddu ndi dién, tat ca duoc két hop trong mot hé thong Loai thiét bi
diéu khlen dan dong (dong co so cap) thuong s€ quy dinh dang cua hé théng CHP. Cac dong
CO SO cap ctia hé théng CHP bao gdm cac dong co pittong, dot chay hodc tua bin khi, tua bin
hoi, micrd tua bin, va cac pin nhién liéu. Nhimg dong co so cip co6 thé sir dung céc loai nhién
liéu khac nhau nhu khi ty nhién, than, diu va cac nhién liéu thay thé dé tao ra cong suét hiru
dung hodc co niang. Mic du ning luong co hoc tir dong co so cap thudng duge st dung dé
chay may phat, san xuét ra dién, tuy nhién n6 c¢6 thé duoc str dung cho cac thiét bi quay nhu
may nén, bom, va quat. Nhiét nang tir h¢ théng nay co thé duoc st dung trong cac img dung
truc tiép hodc gian tiép dé san xuat ra hoi, nuéc nong, khi néng cho cac muc dich siy hoic
nudc mat cho muyc dich 1am mat cua quy trinh.
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Hinh 1. Hiéu qua sir dung niing lwong ciia hé thong dong phat (UNESCAP, 2000)
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Hinh 1 cho théy wu diém vé mat hiéu suit caa CHP so v&i hé théng phat dién tram trung tam
truyén théng va 10 hoi tai nha may. Khi so sanh hai quy trinh nhiét va dién, mot hé théng
CHP dién hinh chi can % ning luong so cap so véi hé thong nhiét dién riéng r&. Piéu nay
gitip giam tiéu thy nhién liéu so cap, va d6 chinh 14 loi ich méi truong chinh ctia CHP, vi viéc
dbt chay lwong nhién liéu nhu nhau nhung d6t hiéu qua hon s& giam phat thai tinh trén cung
mot don vi dau ra.

1.2 Loi ich ciia dong phat

Néu nhu viée d@)ng phat duoc t8i wu hoa theo cach duge mo ta & trén (nhu dinh cd theo nhu

cau nhiét), chiing ta ¢ thé dat duoc cac loi ich sau:

= Ting hiéu sut chuyén doi va sir dung ning luong

=  Giam phat thai ra méi truong, cu thé 1a CO,, khi nha kinh chinh.

= Trong mdt sb truong hop, nhién li€u sinh khdi va mot s6 nguyén liéu thai khac nhu khi,
quy trinh hodc rac thai nong nghiép (phan huy yém khi hodc khi hod), duoc st dung.
Nhirng chit nay dong vai tro 1a nhién liéu cho hé thong dong phat, ting hiéu qua chi phi
va giam nhu cau thai rac.

=  Tiét kiém nhiéu chi phi, ting kha ning canh tranh cho d6i twong sir dung trong kinh
doanh hodc cong nghiép, va cung cap nhiét cho cac ho sinh hoat.

= La giai phap gitp trién khai cac phuong thirc phan quyén trong phat dién, & cic nha may
duge thiét ké nham dap mg nhu cau cua ngudi ti€u dung tai dia phuong, mang lai hiéu
sudt cao, tranh duoc cac ton that truyén tai va ting su linh hoat trong viéc st dung hé
théng. Piéu nay dic biét dang véi truong hop khi ty nhién 13 chat mang ning luong

= Giai phap giup tang su da dang cua phat dién, va nang cao kha nang canh tranh. Pong
phat 13 phuong tién rat quan trong giup thiic day tu do ho4 trén thi trudng ning luong.

2. CAC LOAI HE THONG PONG PHAT

Phan nay ndi vé cac loai hé Fhéng dong phat: hé thong d@)pg phat tua bin hoi, h¢ thng dong
phat tua bin khi, h¢ thong dong phat dong co pittdng. Phan ndy cling bao gom phan loai cac
hé thong dong phat trén co sé trinh ty nang lugng su dung.

2.1 Hé thong dong phat tua bin hoi

Tua bin hoi 12 mét trong nhitng cong nghé dong co so cap linh hoat va lau doi nhét trong san
xuit chung. Hé théng phat dién tua bin hoi da dugc ap dung hon 100 nim qua, khi ching
thay thé dong co hoi pittdng nho hiéu sudt cao va chi phi thip. Cong suit cta tua bin hoi dao
dong tir 50 kW dén hang trim MW & cac nha may san xuat dién 16n. Cac tua bin hoi duoc sir
dung rong rai trong cac tng dung nhiét-dién két hop (CHP). Chu ky nhiét dong luc hoc cho
tua bin hoi I1a chu ky Rankine.Chu ky nay 1a co s¢ cho cac tram phat dién truyén théng va bao
gdm mdt bd phan cung cap nhiét (1o hoi) gitip chuyén hoa nude thanh hoi ap suat cao. Trong
chu ky hoi, nuéc duge bom 1én 6 ap suét trung binh va 4p suét cao. Sau d6 nudc duge dun
noéng dén nhiét do soi tuy theo ap suat, nude soi (dun dé chuyén tir dang 1ong thanh hoi), va
thuong 1a qué nhiét (dun to1 nhi¢t d cao hon do nhiét do soi), mot tua binh da cép lam gian
nd hoi s& 1am giam 4p sudt va hoi dugc dua t6i binh ngung ¢ diéu kién chan khong hoic
dugc dua vao hé thong phén phéi hoi nhiét d6 trung gian giup dua hoi dén nhimg noi st dung
cho muc dich thuong mai hodc cong nghi€p. Nudc ngung tir binh ngung hodc hé théng st
dung hoi s& quay tré lai bom nudc cap dé tiép tuc chu trinh.
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Hai kiéu tua bin hoi duoc str dung rong rai nhit 14 tua bin ddi 4p va cac tua bin ngung - trich
hoi. Viéc lua chon tua bin ddi ap va tua bin trich hoi phu thudc chu yéu vao sb lugng hoi va
nhiét, chit luong nhiét va cac yéu tb kinh té. Co thé trich hoi & khong chi mot diém trong tua
bin, tuy theo murc nhiét d6 ma quy trinh can.

2.1.1 Tua bin chay bang hoi d6i ap

Tua bin ddi 4p 1a tua bin ¢c6 ciu tao don gian nhat. Hoi c6 trong tua bin & 4p suit bang hoic
cao hon ap suit khi quyén, tuy theo nhu cau tai nhiét. Py 1a 1y do tai sao ching ta lai sir
dung thuat ngir dbi ap. Co thé trich hoi & cac cép trung gian cta tuabin hoi, voi ap suat va
nhiét d6 phu hop voi tai nhiét. Sau khi ra khoi tua bin, hoi dugc nap vao tai, tai do hoi giai
phong nhiét va dugce ngung tu. Nudc ngung duge dua tro lai he thong voi toe do dong thap
hon toc do dong cua hoi, néu khéi lwong hoi dugc sir dung trong quy trinh hodc néu co t6n
that qua hé théng dng. Nudc da qua xir Iy c6 thé giit cAn bang khéi luong.

:
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Hinh 2. T

Hé théng hoi ddi 4p c6 nhitng vu diém sau:

= (Ciu tao don gian vdi it thanh phan.

= Tranh duogc chi phi tén kém cho ap sudt ha ap cua tua bin.

= Chi phi vén thap.

=  Gidm hoac tham chi khong can st dung nudc lam mat.

= Hiéu suit toan phan cao, vi khong thai nhiét ra mdi trudng qua may nén.
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Heé thong hoi ddi 4p c6 nhitng nhuge diém sau:

= Vi cling cong suat dau ra, tua bin hoi 16n hon, vi né phai van hanh véi su chénh 1éch
entthalpy cta hoi thip hon.

* Luu lugng hoi qua tua bin phu thudc vao murc tai nhiét. Pién do hoi tao ra dugc kiém soat
boi tai nhiét, diéu nay dan dén su kém hodc khong linh hoat trong viéc phéi hop truc tiép
cong suét du ra voi tai dién. Do do, can c6 su két hop hai chiéu véi ludi mua dién hodc
ban dién du tao ra. Co thé tang san xuét dién bf‘mg cach cho hoi thoat truc tiép ra khi
quyén, nhung cach nay rat khong hiéu qua. Diéu d6 dan téi viée lang phi nudc 10 hoi da
qua xt 1y, va nhit 1a mang lai két qua hoat dong nang lwong va kinh té kém.

2.1.2 Tua bin ngung trich hoi

O hé thdng nay, hoi str dung cho tai nhiét co thé dat duoc nho trich hoi tir mét hoac hai cap
trung ap voi ap sut va nhiét do pht hop. Hoi con lai duoc xa t6i ap sudt cta binh ngung, c6
thé & mirc thip khoang 0,05 bar véi nhiét d6 ngung twong tmg khoang 33°C. Rét khé co thé
st dung nhiét & mirc nhiét do thap nhu vay trong cac ung dung hiru ich. Vi vay, nhiét dugc
thai ra moi truong. So voi hé thong d6i ap, tua bin ngung trich hot ¢6 chi phi vén cao, va
thuong la hi¢u suit toan phan thip hon. Tuy nhién, v& mot mit nao do, né co thé kiém soat
dugc cong suét dién khong phu thude vao tai nhié¢t nho diéu chinh chinh xac toc do luu lugng
hoi qua tua bin.
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Hinh 3. Tua bin ngung trich hoi
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2.2 Hé thong dong phat tua bin khi

Hé théng déng phat tua bin khi hoat dong theo chu ky nhi¢t dong luc hoc co6 tén goi 1a chu
trinh Brayton. O chu trinh nay, khong khi khi quyén dugc nén, gia nhiét va gian ng, vdi phan
cong suat du do tua bin hodc bd gian nd tao ra dugc may nén su dung dé phat dién.

Hé théng dong phat tua bin khi c6 thé dap tmg mot phan hodc toan bo nhu cau ning luong
ctia nha may, va nang lugng duogc giai phong & nhiét do cao trong khi xa c6 thé duoc thu hoi
dé su dung cho céac thiét bi ung dung lam mat hodc gia nhi¢t (xem hinh 4). Du khi ty nhién
dugc sir dung pho biénl nhat, cac loai nhién liéu khac nhu dau nhe hodc diezen ciing c6 thé
dugc sir dung. Giai cong suat dién hinh cua tua bin khi dao dong tir mot phan may MW toi
khoang 100 MW.

Trong nhimg nam gan day, hé théng dong phat tua bin khi dugc su dung voi tbc do ngay
cang nhiéu do sy sdn c6 ciia cac nguyén liu khi ty nhién, tién bd cong nghé nhanh, giam chi
phi lap dat dang ké va mang lai hiu qua méi truong cao. Ngoai ra, thoi ky chuan bj trién khai
du an s€ ngan hon va c6 thé chuyén giao thiét bi thuan tién. Thoi gian khoi dong cua tua bin
khi ngin, van hanh gian doan linh hoat. Du tua bin loai nay cung cap nhiét dé chuyén hoa
thanh dién thip, c6 thé thu h01 dugc nhiét nhiéu hon ¢ nhiét 46 cao hon. Néu san lwong nhiét
it hon mirc nguoi sir dung can, c6 thé bd sung thém luong khi dét ti nhién bang cach tron
chat phy gia v6i khi thai giau oxy dé tang thém san luong nhiét.

2.2.1 Hé thong dong phat tua bin khi chu trinh hé

Phan 16n cac hé thdng tua bin khi hién c6, tmg dung trong bat ky nganh nao déu van hanh
theo chu trinh Brayton m¢ (con duge goi 1a chu trinh Joule, ¢ chu trinh nay tinh khong thuén
nghich khéng dugc tinh t61). O chu trinh nay, may nén lay khong khi tir khi quyén va dua vao
budng ddt v6i ap suat cao hon. Nhiét do khong khi cling tang do qua trinh nén. Cac thiét bi cii
va nho hon van hanh véi ty 1& ap suit trong khoang 15:1, con nhiing thiét bi moi hon va 1én
hon véan hanh & ty 18 ap suat khoang 30:1.
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Hinh 4. Pong phat tua bin khi chu trinh hé
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Khéng khi duoc dwa qua thiét b khuyéch tan vao buong dbt ap suat khong d01 trong do co
nhién liéu dugc bom vao va d6t chay. Thiét bi khuyech tan gitp giam van toc khong khi
xubng murc phtt hop véi budng dbt. Mire sut ap qua buong dbt trong khoang 1,2%. Qua trinh
chay dién ra véi muc khi du cao. Khi thai thoat ra khoi buong ddt & nhi¢t d6 cao voi ndong do
oxy lén t&1 15-16%. Nhiét do cao nhat cua chu ky dat duogc tai diém nay; nhi¢t d§ cang cao,
hiéu suit quy trinh cang cao. Can trén duogc thiét 1ap ¢ nhiét d6 ma nguyén li€u cia tua bin
khi c6 thé chiu duoc, va do hiéu suét cua canh lam mat quy dinh. Vi cong nghé hién co, murc
nay ¢ vao khoang 1300°C.

Ap suit va khi thai nhiét d6 cao di vao tua bin khi sé sinh ra cong co hoc dé chay may nén va
tai (v.d may phat dién). Khi thai tir tua bin ¢ nhié¢t d6 kha cao (450-600°C), vi vay kha nang
thu hoi nhiét ¢ nhiét do cao 1a kha thi. Piéu nay bi anh hudng bai 16 hoi thu hdi nhiét ap suat
don hodc d6i, dé c6 thé thu hdi nhiét hiéu qua hon.

Hoi dugce tao thanh c6 thé & nhiét do va ap suit cao, co thé sir dung cho khong chi cac quy
trinh nhié€t ma con dé chay tua bin hoi, tao ra thém dién.

2.2.2 H¢ thong dong phat sir dung tua binh Khi theo chu trinh khép kin
O hé thong khép kin, chat luu (thuong 14 heli hodc khong khi) tuan hoan trong mét chu trinh

khép kin. Chung dugc gia nhiét trong bo trao ddi nhiét trude khi dua vao tua bin, va dugc lam
mat sau khi tua bin giai phong ra nhiét hiru dung. Vi vay chat luu van sach va khong gay ra

an mon.
( Neuonnhiét )
A
Bo trao doi nhiét
(o)
May phat
Méy nén Tua bin ~
P Nudc ngung
h tir quy trinh
Hoi vao quy
I— trinh
Hinh 5: Hé thong dong phat sir dung tua bin khi theo chu trinh khép kin
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Ngudn nhiét ¢6 thé 1a @6t chay loai nhién liéu bat ky bén ngoai. Ciing co thé sir dung ning
luong hat nhan hodc mat troi.

2.3 H¢ thong dong phat dong co pittong

Cac dong co pittong rat thich hop v6i cac tmg dung trong cac linh vuc khac nhau, coéng
nghiép, thuong mai va cac co quan to chirc dé phat dién va dong phat nhiét-dién. Pong co
pitttong khoi dong nhanh, cong sudt 10n, c6 hiéu suat tai ting phan pht hop va nhin chung c6
do tin cdy cao. Trong rat nhiéu truong hop, céc thiét bi str dung dong co pitténg da cap gitp
ting cong suit toan phan cua nha may. Pong co pittdong c6 hiéu suit dién cao hon tua bin khi
cung kich thude, vi vay gitip giam chi phi nhién liéu van hanh. Chi phi ban dau ctia by dong
co pittong thudng thap hon tua bin khi 1én t6i 3-5 MW vé kich thudc. Chi phi bao tri dong co
pittong cao hon tua bin khi nhung viéc bao hanh cé thé duoc thuc hién bai cac nhan vién caa
nha may hoac cac co so tai dia phuong.

Néng lugng phat ra tir dong co pittdng duge s dung cho cac ung dung bao gom thoi gian
cho, hd trg ludi va cic ung dung CHP. Ung dung CHP cén sir dung nudc néng, hoi ap suat
thip hodc thiét bi 1am lanh hap thy nhiét dt chay. Cac dong co pittdng ciing duge st dung
r5ng rdi 1am bo diéu khién co hoc cho nhitng thiét bi ung dung nhu bom nude, nén khi va lam
lanh.

Exhaust ﬁ ~=200°C
Heat

Stoam or Hot YWatar

BE3
~450°C i}
i i
[.C. Enging Boiler
1‘
Coolers —_]
m—_ Process
-
ol Alr - Water T
RNy

Hinh 6: H¢ thong ddng phat sir dung dong co pittong (UNESCAP, 2000)

Mac du nguoi ta mong doi sy gia tang trong viéc st dung dong co pittong cho cac tmg dung
phan phdi khac nhau, tuy nhién Ung dung phat tai nha may phd bién nhat ddi véi dong co SI
su dung khi ty nhién tir trude dén nay van 1a CHP, va xu hudng nay c6 kha ning tiép tuc
tang. Loi ich kinh té ctia dong co str dung khi tw nhién trong cac tng dung phat tai nha may
duogc ting cuong nho sir dung hiéu qua nhiét ning cia khi thai va hé thong lam mat, va n6
thudng chiém khoang 60 dén 70% ning luong nhién liéu vao.

C6 bdén ngudn nhiét thai tir dong co pittdong co thé sir dung: khi thai, nudc lam mat dong co,
nudce 1am mat dau boi tron, va lam mat bo nap cua tua bin. Nhiét thu hdi duoc thuong ¢ dang
nudce néng hodc hoi ha ap (<30 psig). Khi thai & nhiét dd cao hon c6 thé tao thanh hoi trung
ap(lén to1 150 psig), nhung khi thai nong chi chira khoang ’2 nhiét nang hién c6 cua mot dong
co pittdng. Mot s6 nha may CHP cong nghiép sir dung khi thai dong co truc tiép dé sdy trong
quy trinh. Thong thudng, nudc néng va hoi ha ap do hé théng CHP sir dung dong co pittong
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thich hop voi cac nhu cﬁl,l quy trinh doi hoi nhiét do thap, gia nhi¢t khong gian, him nong
nudc uong va dé chay thiét bi lam lanh dé cung cap nudc lanh, diéu hoa khong khi hoac Iam
lanh.

Bang 1. Cac thong s0 van hanh dong phat dién hinh
(ngudn: Uy ban ning lugong California, 1982)

A £ . A £, o
Dong cos0'€ap | p4i qink mie | T 1€ nhiét phat dién Hi¢u suat, %
trong h¢ thong (Pién) (kcal / KWh)
dong phat : Chuyén doi | Thu hdi | Dong phit
dién nhiét toan phan
Pong co pittong | 10— 500 kW | 2650 - 6300 20-32 50 74-82
nho
Pong co pittong | 500 — 3000 kW | 2400 - 3275 26-36 50 76-86
16n
Pong co Diezen | 10-3000 kW | 2770 - 3775 23-38 50 73-88
Tua bin khinho | 800-10000 kW | 2770-3525 2431 50 74-81
Tua bin khi [6n | 10-20 MW 2770-3275 2631 50 78-81
Tua bin hoi 10-100 MW | 2520-5040 17-34 - -

2.4 Cac phan loai h¢ thong dong phat khac

Nguoi ta thuong phan loai cac hé théng ddng phat theo trinh ty sir dung nang luong va co ché
van hanh 4p dung. H¢ thong dong phat co ban c6 thé dugc phan loai thanh chu trinh dinhhodc
chu trinh day .

2.4.1 Chu trinh dinh

Vi chu trinh dinh, nhién liéu cép duoc str dung dé tao ra dién trude sau d6 dén nhiét, 1a san
pham phuy ciia chu trinh va dugc st dung cho cac nhu cau sir dung nhiét cta chu trinh hodc ca
nhu cau nhiét khic. Poéng phat chu trinh dinh duogc sir dung rong réi va 1a phuong phap phd
bién nhat trong dong phat.
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Bing 2. Bon loai hé thong dong phat chu trinh dinh(tranh iy tir S& Ning luong, Uc)

Hé thong chu trinh dinh két
hop

Tua bin khi hodc ddéng co
diezen san xuét ra ning lugng
dién hodc co khi véi 10 hoi thu
hdi nhiét dé tao thanh hoi dung
chay tua bin hoi thtr cip.

H¢ thong chu trinh dinh tua
bin hoi

Nhién liéu (dang bét ky) duoc
dbt chay dé san xut ra hoi cao
ap sau d6 di qua tua bin hoi dén
tao ra dién va khi thai cung cap
hoi ha ap.

H¢é thong dong phat chu trinh
dinh thu hdi nhiét

Hé théng loai nay thu hdi nhiét
tr b0 phan xa cua dong co
va/hodc hé thong lam mat dua
vao 10 hoi thu hoi nhiét, tai do,
nhiét  duoc chuyén thanh
hoi/nudc néng dé duogce st dung.

Electncty
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Hé thong dong phat chu trinh
dinh tua bin khi

Mot tua bin khi ty nhién chay
may phat. Khi thai dua dén 1o
hoi thu hdi nhiét d¢ tao thanh
hot va nhiét quy trinh.

2.4.2 Chu trinh day

O chu trinh day, nhién li¢u so cép tao ra nhi¢t nang & nhiét do cao va nhiét thai tir quy trinh
duogc stir dung dé phat dién qua 10 hoi thu hoi nhiét va may phat tua bin. Cac chu trinh day
phtl hop vé6i cac quy trinh san xudt can nhiét ¢ nhiét do cao trong 16 d6t va thai ra nhiét ¢
nhiét d6 kha cao. Cac pham vi ung dung dién hinh gém c6 xi ming, thép, gas va hoa dau.
Chu trinh ddy khong phd bién bang chu trinh trén. Hinh 9 mé ta chu trinh d4y trong do,
nhién liéu dugc ddt trong 10 dé tao ra rutin tong hop. Khi thai tir 10 dugc sir dung trong 16 hoi

dé tao thanh hoi, chay tua bin dé phat dién.
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Thiét bi nhiét: Pong phat
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Hinh 7. Hé thong dong phat chu trinh diy (Cuc St dung ning luong hiéu qua, 2004)

3. PANH GIA CAC HE THONG PONG PHAT
3.1 Thuét ngir va dinh nghia hoat dong
Két qua hoat dong ciia toan by nha mdy

e Hé sb sir dung nhiét toan qua trinh (kCal/kWh)

Ms x (hs-hw)
Céng sudt dau ra (kW)
Trong do,
Ms = Luu lugng hoi (kg/h)
hs = Entanpi cua hoi (kCal’kg)
hw = Entanpi ciia nudc cap (kCal/kg)

e Heé s6 str dung nhién liéu toan qua trinh (kg/kWh)

Tiéu thu phién lieu * (kg/h)
Cong suat dau ra (kW)

e Tong nhién lidu cho tua bin va hoi
Hoat dong cua tua bin hoi

e Hiéu sut tua bin hoi (%):

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A
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Thiét bi nhiét: Pong phat

Sut entanpi thiec té qua tua bin (kCal/kg) x 100
Sut entanpi theo dwong dang entropi

Hoat dong tua bin khi
e Hiéu suit toan phan cua tua bin khi (%) (Tua bin & May nén):

Céng sudt dau ra (kW) x 860

Pau vao nhién liéu cho tua bin khi (kg/h) x GCV ciia nhién liéu (kCal/kg)
Hoat dong cuia mdy phat hoi thu nhiét (hrsg)
e Hiéu suit ciia may phat hoi thu nhiét (%):

Ms x (hs - hw) X 100
[Mr x Cp (tvio — tra)] + [Mawxx GCV cua nhién liéu (kCal/kg)]

Trong do,
M; = Hoi tao thanh (kg/h)
hs = Entanpi cia cua hoi (kCal/kg)
hy = Entanpi ciia ctiia nudc cap (kCal/kg)
My = Luu lugng cua khi 16 (kg/h)
ti, = Nhiét do khi 10 vao (°C)

to = Nhiét d6 khi 10 ra (°C)
Max = Tiéu thu nhién liéu phu (kg/h)

3.2 Cac tinh toan trong hé thong dong phat tua bin hoi

X 100

Hinh v& dud¢i day mo ta bbn budc tinh toan két qua hoat dong cua mot hé thong ddng phat tua
bin hoi, h¢ thong dong phat phd bién nhat trong nganh cong nghi€p. Luu y: phuong phdp
lugn co thé ap dung cho tat ca ca hé thong dong phat, nhung nhitng cong thuc duoi day chi

dp dung cho hé thong dong phdt tua bin hoi

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A
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Thiét bi nhiét: Pong phat

hl

5 Tua bin
= ngung- ( : )
o) trich hoi
q r b
Cong suat dau ra
h2
Hl
h3
H2 h4| 113
Trich gé
B0 ngung
Buéc 1: Tinh todn mirc thodt nhiét thwc té tai méi cép tua bin
Entanpi cua hoi tai qéu vao cua tua bin : h1, kCal/kg
Entanpi cua hoi tai lan trich cap 1 : h2, kCal/kg
Entanpi cta hoi tai lan trich cap 2 : h3, kCal/kg
Entanpi cta hoi tai binh ngung : h4*, kCal/kg

* Do d6 am ctia hoi & cép nén, entanpi ctia hoi khong thé dugc tinh twong dwong véi hoi bio
hoa. Gia tri do kho dlen hinh 1a 0,88 — 0,92. Gia tri nay co thé dugc st dung trong udc tinh
muirc giam nhiét & cap cudi. Tuy nhién, nguoi ta goi ¥ nén tinh toan hiéu suat & cdp cudi tir
hiéu suit toan phan cua tua bin va hiéu sut & cip khac.

Thoat nhiét tir ddu vao cho tdi trich cp 1 (h5):

h5 = (h1 — h2) kCal/kg

Thoat nhiét tir cap 1 cho t6i trich cip 2(h6):

h6 = (h2 — h3) kCal/kg

Thoat nhiét tir trich cdp 2 cho t6i binh ngung (h7):

h7 = (h3 — h4) kCal/kg

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A 12
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Thiét bi nhiét: Pong phat

Buéc 2: Ubc tinh thodt nhi¢t trén Iy thuyét

Tir biéu d6 Mollier (Biéu dd H-¢) ude tinh thoat nhiét véi cac didu kién dé cap trong budce 1.

Céach lam nhu sau

= V& diém dicu kién dau vao tua bin trong bic¢u do Mollier — twong ung véi &p suat va nhiét

do hoi

= Vi vi€c gian n6 ¢ tua bin la quy trinh doan nhiét, entropi khong d6i. Vi vay, vé mot

duong theo chiéu doc tir diém dau vao (song song voi truc tung) toi diéu kién nén.

= Doc entanpi ctia tai nhimng diém duong trich va ap suat nén giao véi dudng song song voi

truc tung da ve.
* Tinh toan mirc gidm nhiét trén ly thuyét cho cac cap gian no khac nhau.

Entanpi ly thuyet sau lan trich hoi th 1 : HI
Entanpi ly thuyet sau lan trich hoi tht 2 : H2
Entanpi ly thuyét tai diéu kién ctia binh ngung : H3

Thodt nhiét trén 1y thuyét tir dau vao t6i diém trich hoi cdp 1(h8): h8 =hl — HI
Thoat nhiét trén ly thuyeét tir cap 1 toi trich cap 2(h9): h9 = H1 — H2
Thoéat nhiét 1y thuyet tir giai doan ngung tu trich hoi thtr 2 (h10): h10 = H2 — H3

Buéc 3: Tinh todn higu sudt tua bin

h5 Trich nhiet thuc te hl—h2
Hiéu suit cap 1 - - =
78 Trich nhiet ly thuyet hl—Hl

[h6j [ Trich nhiet thuc te j ( h2 - h3 J
Hiéu sudt cap 2 =

h9 Trich nhiet ly thuyet H1-H?2

n A [ hT Trich nhiet thuc te h3 - h4
Hi€u suat cap nén = - - =] —
h10 Trich nhiet ly thuyet H2-H3

Buwéc 4: Tinh toan hé sé nhiét ciia toan b quy trinh

Hé s6 nhiét (kcal/kWh) = w
Trong do,

M = Luu lugng hoi (kg/h)

h, = Entanpi cia hoi dau vao (kCal/kg)

hy; = Entanpi ciia nudc cap (kCal/kg)

P = Co6ng suét trung binh dau ra (kW)

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A
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Thiét bi nhiét: Pong phat

4. GIAI PHAP SU DUNG NANG LUQNG HIEU QUA

4.1 Cac giai phap Sir dung ning lwong hi¢u qua trong h¢ thong dong phat tua bin
hoi

Cac giai phap st dung nang luong hiéu qua trong hé thdng ddng phat dugc mo ta trong ca
phéan sau:

1. Lo hoi: Xem phﬁn “Lo hoi va bo séy nhiét 16ng”
2. Tua bin hoi:

a. Binh ngung chan khong:

Do chan khong trong binh ngung hodc ap sut nguoc 1a yéu to quan trong nhat vi chi

mot d6 1¢éch nho so voi mure t6i wu ciing s& dan dén nhiing thay d6i dang ké vé hiéu

suit. C6 mot sd nguyén nhan khién d6 chan khong trong binh ngung thay dbi so voi

gia tri t6i wru, bao gom:

= Nhiét d6 nudc lam mat khac voi gid tri thiét ké, ddy 1a nguyén nhan phd bién nhat
gay ra cac dao dong & do chan khong trong binh ngung vi nhiét d ciia nude lam
mat bi anh hudng nhiéu boi cac didu kién thoi tiét nhu nhiét d6 va do 4m. Nhiét
doé noéng 4m s& lam tang nhi¢t d0 cia nudc lam mat, gidm do chan khong trong
binh ngung va san luong cua tua bin giam (ddn dén giam hiéu sudt nhiét tuong
mg). Nhung khi thoi tiét lanh va kho s& c6 nhiing hiéu g nguogc lai:

=  Téc d6 dong cua nude lam mat khong phai 1a gia tri chuén;

= Ong cta binh ngung bi bam cin, hodc mot sb bi tic nghén

= RO ri khi vao trong binh ngung.

b. Nhiét d9 va ap suit hoi:
Néu nhiét d6 hoi va cac diéu kién 4p suat tai bo phan vio cta tua bin hoi thay ddi so
vé6i cac diéu kién toi wu trong thiét ké, tua bin c6 thé khong dat hiéu suit tdi da.
Su bién dong cua cac didu kién vé hoi c6 thé do 18i khi thiét ké day chuyén (bao gom
ca dinh ¢&), van hanh quy trinh khéng chuan hodc do cian bam trong 10 hoi.

c. Van hanh tai ting phz‘ln, khéi dong va dirng:
Hi¢u suat ctia tai timg phan c6 thé duy tri sat v6i gia tri thiét ké nho chay dén cac yeu
t6 trén. Tuy nhién, cic quyét dinh thi trudng v6i viée van hanh t6 phat ¢ murc tai nhat
dinh trong nhitng thoi ky nhat dinh s& c6 anh hudng chinh dén hiéu suat nhiét trung
binh. Tuong tu nhu vy, cac quyét dinh thi truong voi thoi diém hé thdng hoat dong
hodc ngimg hoat dong ciing c6 anh hudng dén hiéu suit nhiét trung binh do cac ton
that nang luong khi khoi dong hodc ding hé thong.

3. Phan phdi va sir dung hoi: Tham khao Module vé “Phan phbi va sir dung hoi”

4.2 Cac giai phap sir dung ning lwong hi¢u qua trong hé thong dong phat tua bin
khi

Duéi day 1a cac giai phap st dung ning luong hiéu qua trong hé théng dong phat tua bin hoi:

1. May nén khi: Xem phan “May nén va hé théng khi nén”

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A 14
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Thiét bi nhiét: Pong phat

Tua bin khi:

Nhiét d6 va ap suat khi: Néu nhiét d6 va céac diéu kién ap suit tai b phan nap khac so véi
cac diéu kién tdi uu trong thiét ké, co thé tua bin s& khong dat dugc hi¢u suat toi da. Céc
bién dong ¢ diéu kién khi c6 thé 1a do 15i thiét ké hé thong (bao gdm ca dinh ¢&) hodc van
hanh hé théng khong chuan.

Van hanh tai timg phan, khoi dong va dung: Hiéu suét ciia to phat nhu 1a tai timg phan co
thé duoc duy tri & mirc gan v6i gia tri thiét ké nho sy quan tdm dung muc toi cac yéu t6
trén. Tuy nhién, cic quyét dinh thi trudng dé van hanh t6 mady phat ¢ cac muc tai nhit
dinh trong mot thoi gian xac dinh s€ c6 tac dong dén hiéu sudt nhiét trung binh. Tuong tu
nhu vy, cac quyét dinh thi truong véi thoi gian hoat dong hodc dimg hoat dong cua day
chuyén ciing anh huong dén hiéu suat nhiét trung binh do cac tén that ning luong khi
khoi dong hodc dung hé théng

Nhiét d6 khi 1o tir budng dot. Nhiét do tang thuong dan t1 cong suat dau ra tang;

Nhiét d6 khi thai. Nhiét do giam thuong dan téi cong suit dau ra ting;

Luu lugng qua tua bin khi. Nhin chung, Iuu lwong cao hon s& dan t6i cong suit dau ra cao
hon;

Su sut ap & hop giam thanh khi x4, 6ng dan va dng khéi. Giam ton that ap sudt s& gitp
tang cong suat dau ra;

Ap suat khi cAp hodc thai ra tir may nén ting. Muc ap sut ndy ting s& dan téi cong suét
dau ra ting.

M3y phat hoi thu hdi nhiét: Xem phan “Thu hoi nhiét thai”

Hudng dan sir dung nang lieong hiéu qud trong nganh cong nghiép Chau A 15
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Thiét bi nhiét: Pong phat

5. DANH SACH SANG LOQC GIAI PHAP

Phdn nay bao gdm cac giai phap st dung niang lugng hiéu qua quan trong nhat ap dung cho

dong phat.

* Tan dung khi thai dé gia nhiét cho khong khi tir may nén (cha yéu 4p dung trong diéu
kién thoi tiét mat);

= Chia may nén thanh hai phan va 1am mat khong khi giita hai phan;

= Chia tua bin thanh hai phan va sdy khi so bo giira hai phan bang cach dua khi di qua 10
sdy phu va budng say dit giira hai phan;

= Lam mat khi vao. Chu yéu 4p dung trong diéu kién thoi tiét mat;

=  Gidm do am khi vao;

= Ting ap suat khong khi bd phan thai ra & may nén khi;

* Bom hoi hodc nuée vao 10 dét hodc tua bin;

= Lam sach hodc loai bé can bam trén canh ctia may nén khi va tua bin theo dinh ky va

= K&t hop céc giai phap trén.

Hudng dan sir dung nang lieong hiéu qud trong nganh cong nghiép Chau A 16
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Thiét bi nhiét: Pong phat

6. BANG TINH

Phan nay gom c6 céac bang tinh sau:

Hoat dong hé thf:)ng d(f)ng phat tua bin hoi
Hoat dong hé thong dong phat tua bin khi

Bang tinh 1: Hoat dong hé thong ddng phat tua bin hoi

E Théng s6 Don vi Gia tri

1. Phat dién (P) kW

2. Phat hoi (M) TPH

3. Ap suét hoi kg/cm” (g)

4, Nhiét d6 hoi °C

5. Entanpi cua hoi (hs) kCal/kg

6. Nhiét d6 nude cap °C

7. Entanpi ctia nudc cap (h4) kCal/kg

8. S6 lan trich Nos

9. Diéu kién trich thi nhat
Ap suat kg/em” (g)
Nhiét do °c
Entanpi thuc té (h1) kCal/kg
Entanpi 1y thuyét(H1) kCal/kg

10. | Diéu kién trich tht hai
Ap suat kg/em” (g)
Nhiét do °c
Entanpi thuc té (h2) kCal/kg
Entanpi 1y thuyét(H2) kCal/kg

11. Piéu kién ngung
Ap suat kg/em” (g)
Nhiét do °c
Entanpi ctia_thyc té (h3) kCal/kg
Entanpi cia 1y thuyét(H3) kCal/kg

12. | Hiéu suét cia cip 1 {(hl —h2)/(hl — HI)} %

13. | Hiéu suat cia cap 2 {(h2 —h3)/(H1 — H2)} %

14. Hiéu suat ctia cap ngung %

{(h3—h4)/(H2 — H3)}
15. Hiéu suat nhiét ciia nha may[ M x (hs — h4) ]/ (P x | KCal/kWh

1000)

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A
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Thiét bi nhiét: Pong phat

Bang tinh 2: Hoat déng dong phat tua bin khi

E Théng sb Pon vi Gid tri
1. Phat dién(P) kW
2. Dau vao nhién liéu tua bin khi (F) kg/h
3. GCV cua nhién li¢u kCal/kg
4. HRSG (Méy phat hoi thu hoi nhiét)
Hoi sinh ra (Ms) kg/h
Entanpi cua hoi (hs) kCal/kg
Entanpi ctia nudc cap (hw) kCal/kg
Khoi lugng khi 10 (Mf) kg/h
Nhiét d6 vao ciia khi 10 (tyao) e
Nhiét do ra ctia khi 10 (t,) °C
Tiéu thu nhién li€u phu trg (Maux) kg/h
GCV cua nhién liéu kCal/kg
5. Hiéu suit tua bin khi %
[P x 860 x 100] /[ F x GCV cua nhién liéu]
6. Hiéu suat HRSG %
[Ms x (hs — hw) x 100])/{[Mf x Cp X (tyao — tra)] +
[Maux x GCV cua nhién li¢u]}

Huréng dan sit dung ning lwong hiéu quda trong nganh cong nghiép Chdu A
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