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TOM TAT: Khéi thai tif cdc 15 hoi cong nghiép 8ng 10- 6ng 1i¥a hién nay cé nhiét
d6 con khd cao. N&u tin dung ngudn nhiét thai ndy d€ ham nudc cap cho ban than 15 hoi
thi hiu sudt cia né s& dugc ting 1én, tiéu hao nhién liéu gidm, ddng thoi moi trudng xung
quanh dudc cdi thign. Van dé 1a phdi nghién ctu thi€t k& duge bd ham nude phit hgp. Trén
cd sd 1y thuyét truyén nhiét, bai vi€t trinh bay phuong phép 14p chudng trinh tinh todn b6
ham nu6c ki€u chim 6ng ¢6 cdnh d4t sau 16 hoi. Gid nhién liéu va chi phi ddu tw thiét bi
s€ la nhitng y€u t6 quyé&t dinh dén khd ning dp dung phudng 4n thu hdi nhiét thai nay.

1. DAT VAN P

Dé g6p phin ti€t kiém va sit dung ning ludng hiéu qua thi viéc thu hdi nhiét thai 1a
hét sifc can thiét. Khéi 1d hoi cong nghiép ki€u 6ng 10 - 6ng lita 12 mot trong nhitng ngudn
nhiét thdi hién dang dudc quan tdm. Tuy két ciu 10 hdi da kh4 hoan thién, nhung do chiing
chi ¢6 cdc bé mat sinh hoi nén nhiét do khéi thdi ra con tuong ddi cao - trung binh khodng
250 °C. Lugng nhiét nay c6 thé ding dé him nudc cdp hay siy khong khi cho 1. Vi
phuong dn ham nude cdp mang lai hiéu qua kinh t& cao hon nhiéu so véi sy khong khi [2],
ta nén uu tién tdn dung nhiét khéi thdi d€ ham nudc cap. Bai viét nay tap trung vio nghién
citu thi€t 1p chuong trinh tinh todn bd him nude cho 16 hoi 6ng 16 - dng lita d6t ddu hay dot
khi dya trén cd s3 1y thuy€t truyén nhiét va thiét bi trao ddi nhiét.

2. PHUONG PHAP TINH TOAN

2.1. Chon kiéu b ham

Qua nghién ciiu dic tinh cdc bd him nude cdp (ECO) do mét s& hdng nudec ngoai
gi6i thiéu, ta chon b6 ham dang hop véi céc 8ng b tri so le. G thiét bi nay nude chuyén
dong trong dng thép ¢ cdnh, khéi di ngoai 6ng (hinh 1). Vi hé s6 tda nhiét ddi luu phia
khéi nhd hon rat nhiéu so vdi phia nudc, ta st dung loai ng c6 cdnh. So db chuyén dong
twong doi giita nude cAp va khai ¢ thé chon 12 ciing chiéu hay nguge chiéu.
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Hinh 1. Sd d6 bd hdm nudc loai nguge chiéu
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2.2. Céc thong sd ban ddu va co sd tinh todn

Cdc thong so nhdp vao: Sin lugng hai, tré luc cho phép clia bo ham, nhiét o nude
cAp, nhiét d§ khoi thai, du’dng kinh trong va dudng kinh ngoax cia 6ng.
Cdc thong so chon: Ap suét lam viéc va hi€u suit cia 10 hai, nhién liéu va thanh
phan ctia nhién liéu, hé s0 khong khi thira, thong s hinh hoc cta 6ng c6 cénh,..
N6i dung tinh todn bao gdm cdc phén :
_ Tinh toén trao d8i nhiét;
- Xic dinh cdc kich thude chinh cua bd haim;
- Tinh todn trd luc;
_ Tinhkinh té.
Tinh todn trao doi nhigt
Nhiém vu cda bai todn thi€t k& 1a phai xdc dinh dién tich trao ddi nhiét F dua theo
phuong trinh truyen nhiét ma mé&u chdt 1a phdi tinh hé s6 truyén nhiét k. o1 vdi ong (vach
tru) thi hé s6 truyén nhiét trén 1 mét chiéu dai 6ng dudc tinh theo cong thic:

' 1 W
k= g o (D

1 1 (dug 1 mK
————+—In +
a,£.d,, 24 \d a,d,

tr
Trong dé A 1a hé s6 din nhiét cda kim loai ong.
Hé s0 tod nhiét d6i lwu phia nuée dudc xdc dinh theo phuong trmh tiéu chuin dp
dung cho dong chdy 1o trong Ong.:

Nup = 0,021 x Rep™® x Prp®® (Pro/Pr o (2)

Con hé s6 tda nhiét ddi luu trung binh khi khéi chuyén dong cit ngang chim Ong
¢6 canh dudc tinh theo cong thic:

-0,54 -0,14 0,65
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Céc thong s6 nhiét dong clia khéi va nudc 14y theo nhiét d6 trung binh cia luu chat
tuwong Ung.

Xdc dinh két cdu bd hdm

K&t cau bd ham dudgce thé hién thong qua cdc 6 lidu va kich thude hinh hoc sau:

Chiéu dai toan bd 8ng trao d6i nhiét: 1= Q_ , m 4)
7.k.At

I S Vi «,

S6 6ng ¢ mdt cat ngang: nj = z , ong (5)
o, (sl - d”g ..S',)
Chiéu dai 6ng gép hay chi€u rong bd ham: W =ny.s; ,m (6)
Chiéu dai ciia bd hdm, chon: L=W ,m @)
Chiéu cao bd ham nudc: H = 2. , m (8)
n,

P o 9 By H

S6 ching cia mdi Ong: 2= — (9)
53

P& dudng nudc vao va ra khdi by ECO cling phia, chon z 1a sO chin.
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Tré luc ciia bp hém niée

Tinh tré lyc phia nudc: Ta st dung céc cOng thifc quen thudc trong Cd hoc luu chat.

2
Trd luc ma sét: Ahy = .L.%.pz , Pa (10)
tr
@ 2
Trd Iuc cuc bo: Ahy = ‘f-—zz‘-ﬁ’z , Pa (11
Trd lyc t6ng cong:  Ah = YAhy, +3Ahy , Pa (12)

Tinh tré lyc phia khéi: Nguyén tdc tinh trd lyc cia dong khi chuyén dong ngang qua
dong dng c6 cdnh khong c6 gi dic biét, nhung c4c tai liéu khdc nhau trich din nhitng cong
thitc khong hoan toan nhu nhau. T4c gi3 di tinh kiém nghiém mot s§ cong thic thuding gap,
50 sdnh, d6i chi€u két qud va chon cong thic ([1]/119):

09 0,9 0,9 sy -
> —d"" , “dn' -d
E =0,72Re, " —‘—'EL+ ) 517 Qg dy S| =4y, (13)
S, dng d"g 55 —d"g

Trg Iuc phia khéi ciia bo ham phu thudce vao két cau va cdch bé tri dan ong, gid tri
ciia n6 khong thé 14y thy y. Néu td lyc nay qud 16n sé gy anh hudng xdu t6i hoat dong
clia toan bd hé thdng 16 hdi do dic tinh 1am viéc cia quat thay d6i. Tham khdo dic diém
k¥ thudt ctia cdc loai bét d6t ddu hién dang dugc st dung & Viét Nam, ching tdi thay c6 thé
ting trd lyc clia hé théng thém 5 % ma ch& d6 1am viec cda bét d6t khéng bi dnh hudng
ddng ké. Vi vdy trong chuong trinh tinh todn ching t6i chon gid tri 5 % nay nhu la ngudng

cho phép miic gia ting trd Iuc cia hé thong khi 14p dit thém bo ham nudec.

Tinh todn kinh t&:

Gi4 thanh thiét bi bao gdm:

- Chi phi vat tu : 6ng thép c6 canh,
co, 6ng gbp, thép tdm, van, vit liéu boc
c4ch nhiét, bich ndi ...

- Chi phi ché tao, ldp dit, bdo tri.
Céc chi phi nay dugc tinh theo khdi lugng
va don gid hién thdi. Viéc xdc dinh gid
thanh thi€t bi theo phuong phdp néu trén rat
phic tap vi b6 hAm nudc cé nhiéu chi tiét,
bd phin khdc nhau. P& don gidn bai todn,
trén cd s& tinh gid thanh mot s6 ¢d bd ham
nudc, tdc gid da qui gid thanh bd ham nhr 13
ham s& cla tdng s6 mét dng ¢6 canh ( 12 chi
phi chii y&u khi ch€ tao): M, = f(1).

>
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A
| Nhao théna s§ dau vao: D.d.. |

L Chon cac théna s8: c.. t. s—l

- Tinh thdng s6 nguén nhiét thai
- Tinh hé s& truyén nhiét k

- Tinh kich thudc bé ham

- Tinh trd luc ctia bd ham.

e, >,

- Tinh gia thanh thiét bi, M
- Tinh thai gian thu héi van, T
- Xay dung dé thi M-D, T-D

A

Hinh 2. So d6 thuit todn
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Xdc dinh thi gian thu hdi von:
Tién ti€t kiém hang nim nhd giam tiéu hao nhién liu:
M, = B.AN.Hyp.Dyh.Gro. 107 , tr ddng/ndm
Véi:
- B :tiéu hao nhién liéu, kg/h
- Hu: 0 git vin hanh trong ngay;
- Dy s6 ngay van hanh trong ndm;
- Gro: don gid nhién liéu, ddng/kg;
- An la mifc ting hiéu sut khi 1dp bd hdm nudc.
Coi chi phi dién ning cho bom nudc cp 10 hoi trude va sau khi 1dp dat bo ECO
khong thay ddi ding k&, s8 tién ti€t kiém hang nim nhd lip dit bd hdm nudc la:

MA =M, - M, ; trdéng
Thoi gian thu hdi von:
MA
e MA-i*M ‘
T= LN , théng.
In(1+1)

Vi i 12 1di suat kép trong mot nam.
S dd thuit todn dugce trinh bay & hinh 2.

3. KET QUA

Chuong trinh tinh thi&t k&€ b hdm nude duge viét bing ngdn ngit 14p trinh Visual Basic
6.0. Biing cdch thay ddi cdc dit liéu ddu vao ta c6 thé xdc dinh dugc kich thudc va gid thanh
ciia bd ham & diéu kién tuong ng. Cdc k€t qua trinh bay sau day dudc tinh véi thong s6
ban ddu nhu sau: dp sudt 1am viéc p = 8 bar; hidu sudt 10 hoi n= 0,88; nhiét do nudc cip ty
=33 °C; nhiét d6 khéi ra khdi bé ECO ty, = 160 °C; hé s6 khong khi thira o = 1,15.

Cic s6 liéu dé tinh todn kinh t&€ duge chon 1a: thdi gian van hanh 1 hoi 10 gid/ngay, s6
ngay van hanh trong nim 312 ngay, gid diu 12 4100 dong/kg.

- CHUONG TRINH TiINH TOAN BO HAM MUOC

Sdn luwng hdi, kg/h Nhiét d§ nutsc cdp, o BEufng kinh trong, mm Vén t8c khdi, mis |
| [S000 | 33 I 22 {00 &
; Trad Iye che phép, mmH20 Nhigr 48 kkhéi, ol En@ng kinh ngodi, mm Vén t8c m®c, m/is ;
é B [ 2s0 | 27 [os3 E
L et R e el i A it A R B S S b b i i R e !

[—EI:;—;—- Tr3 wé ’ K&t o ’
| Hé =& t3a nhit phia khéi [631 wW/m2as Téng chidu dai Sng 356 m |
| Hé 512 nhistptia mtc  [003.6 W/m2ds Tr3 Lt cBa bé hdm 208 mmH220 |
Chi€u dai bs ham 049 m Nhiét lung t4n dung 1721 kKW
| Chidu réng bé him 049 m Hifu sudt téng ctia 1& hat - [ez1 =
: Chidu cao bd hém 061 m MNhi€t 46 nut8c ra khdi bé hdm 626 oC
! But3c ngang 702 mm Gid thinh bS hdm [865 triguadng :
|

BuBc doc 60,7 mm Thfi gian thu héi vén ’ g thing

| W THANH TRUNG 2B nohien cut this - CHUIONG TRIN. .. -~ CHONG

Hinh 3. K&t qud tinh todn b ECO cho 10 hai 5000 kg/h
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Vi du: Pa6i véi 10 hai 5 tan hoi/h (hinh 3) khi ha nhiét d6 khéi thai tir 250 °C dén
160 °C thi nhiét lugng tdn dung dugc 1a 172 kW, hiéu suit 10 ting thém 4,15 %, do gia
nhiét nudc cap 1a 30 °C. Lugng diu ti€t kiém duge 1a 16,1 kg/h, con thé tich khéi thii ra
moi trudng gidm 202 my.>/h. Gi4 thanh bd ECO nay khodng 86,5 triéu déng va thdi gian thu
hoi von 12 8 thdng. C6 thé ldp dat bd ECO c6 dién tich trao ddi nhiét it hon tinh todn dé
gidm von dau w, nhung Iic d6 thdi gian thu hdi von s& cham hon. K&t cau bd ham nudc
cling dugc dua ra ¥ phadn mém tinh todn (Hinh 4).

= BO HAM NUOC {ECO)

KET CAU BO HAM NUGC

610

' Staf;r 3 Webmail Univ....

Hinh 4. K&t c&4u bd ham cong sudt 5000 kg/h

Kich thudc cd ban ciia b hdm nudc 14p cho cdc ndi hoi ¢6 cong suit khdc nhau van
hanh & ciing ché d6 da néu trén dudc trinh bay & Béng 1, con so dd két cau bd ham duge
thé hién trén hinh 4.

Bing 1. Kich thudc bd haAm nuéc

Cong sudt 1 hoi | Nhiét lugng tin dung | Tdng chiéu dai Kich thuéc bé him (m)
(kg/h) (kW) (m) (Dai x rdng x cao)
1000 34,4 12.3 0,27 x 0,27 x 0,42
2000 68,9 20,0 0,38 x 0,38 x 0,38
5000 172;1 35,6 0,49 x 0,49 x 0,61
7000 241,0 46,4 0,63 x 0,63 x 0,49
10000 344,3 66,3 0,70 x 0,70 x 0,55
13000 447,5 755 0,88 x 0,88 x 0,69
15000 5164 87,2 0,88 x 0,88 x 0,76
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San lugng hoi D, th Sén lugng hai, t/h

Hinh 5. Quan hé gitta sdn lugng hdi Hinh 6. Quan hé giira san lugng hdi

va gid thinh : va thoi gian thu hdi von

K&t qua tinh todn cho thiy rang: khi sdn lugng hdi ting thi gid thanh b ham ciing
ting theo (hinh 5); 10 hoi c6 cong sudt cang 16n thi hiéu qué kinh t& cia viéc ham nudc cip
s€ cang cao (hinh 6).

4. KET LUAN

Nghién citu nay nhim gép phén vao viéc trién khai ting dung thi€t bi tdn dung nhiét
khéi thdi 10 hai cong nghiép dng 10 — dng lita & Viét Nam. Chuong trinh tinh todn gitp ta
nhanh chéng xédc dinh dugc kich thudc clia bd ham nude cho mot 1o hai ¢6 cong sudt cy thé.
K&t qua tinh cho thdy gid thanh by ECO ting gn nhu tuyén tinh theo sdn lugng hai. Tuy
nhién ddy mdi chi 12 nhitng tinh todn 1y thuy€t, rat cdn c6 thyc nghiém d€ kiém ching, hiéu
chinh lai. Ngoai ra dé c6 thé 1dp dat b ECO, chiing ta con phai gidi quy&t mot s§ van dé
khac lién quan dén toan bd hé thdng 10 hi nhw: phuong phdp cap nwde cho 13, 6n dinh ché
dd chdy, nghién citu dic di€ém van hanh & ch& do thay doi,..

RESEARCH ON DESIGNING ECONOMIZER WITH WASTE HEAT
RECOVERY FOR INDUSTRIAL FIRETUBE BOILERS

Nguyen Van Tuyen, Dang Thanh Trung®
(1) University of Technology, Viet Nam National University Ho Chi Minh City
(2) University of Technical education Ho Chi Minh City

ABSTRACT: Temperature of flue gas exhausted from industrial fire-tube boilers is
still rather high, infact. Recovery of this waste heat for heating the boiler feed water leads
to increase boiler efficiency, thus reduces fuel consumption and improves the
environment. Based on heat transfer theory this research worked out the program for
calculation of the fintube economizer which could be installed at the end of the boiler.
The research also carried out economical evaluations for the application of economizers.
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