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NGHIEN CUU PAC PIEM TRAO POI NHIET TRONG BQ HAM NUOC TAN
DUNG NHIET KHOI THAI NOI HOI CONG NGHIEP

Nguyén Vin Tuyén
Truong Pai hoc Bach khoa, PHQG — HCM
(Bai nhan ngay 22 thang 01 nam 2007, hoan chinh siza chita ngay 12 thang 09 nam 2007)

TOM TAT: B ham nueéc tan dung nhiét khéi thai kiéu dan éng cé canh phdi duroc thiét
ké pht hop Véi diéu kién 1am viéc cia ban than noi hoi. Do yéu té rang bugc @6, néu chi ap
dung nhifng cdng thizc ¢6 sin trong cac tai lidu vé truyén nhiét dé tinh toan dan ong co canh
s¢ dan dén sai so dang ké so véi thuc té, nhat 1a doi véi thiét bi ché tao trong nigc. Nghién
ciru thye nghiém da dwoc tién hanh nham xac dinh gia tri cu thé cia mgt vai théng so dac
trung chinh cho qué trinh trao d@si nhiét trong bg hAm rnuréc tan dung nhiét khéi thai: do |a
mrc thay doi nhiét dg cia khéi va nudc, lwong nhiét tdn dung duoc, hé so truyén nhiét qua
vach dan éng. Nhiing théng s6 ndy duroc khdo sat theo ché do |am viéc thay doi cia noi hoi.
Két qua nghién cizu chdac chan hé tro viéc thiét ké bg ham nuéc ¢ noi hoi cdng nghiép mst
céch dé dang hon.

1.MG PAU

NGi hoi cong nghiép thudng chi c6 cac bé mat sinh hoi, do dé nhiét do khéi thai twong ddi
cao, khoang 250°C dén 300°C. Nhién liéu can dét dé sinh hoi kha nhiéu, kéo theo luong khoi
thai c6 chira cac chat gay hai cho médi truong ciing [6n.

Vi xu huéng nang cao higu qua s dung nang luong, tiét kiém nhién ligu thi phuong an
bé tri thém bd ham nudc (con goi 1a ECO - Economizer) rat duoc quan tAm. Tuy nhién dé &p
dung duoc vao thyc té phai c6 mot thiét ké tdi uu sao cho hiéu qua tan dung nhiét |a cao nhat
vé6i giathanh thiét bi da thap, dong thoi giai quyét duoc nhitng anh huéng tiéu cuc do viéc lap
bo hdm nudc géy ra.

Bai béo trinh bay két qua nghién ciru vé dic diém trao ddi nhiét trong bo ham nudc kiéu
dan dng c6 canh dang vit xoan & nhitng ché do van hanh khac nhau cia ndi hoi céng nghiép
d6t dau DO nhiam tao co s dé o thé trién khai thiét ké ché tao chiing trong nuéc.

2.50 PO THIET BI VA PHUONG PHAP THUC NGHIEM

2.1.M6 ta két ciu by ham

Bo ham duoc tinh toan thiét ké dé lap cho ndi hoi cong suat 1t/h, dot dau DO. Nuéc
chuyén dong trong cac 6ng thép bé tri so le, khoi di ngoai 6ng. Nhitng b6 phan chinh la: cac
6ng thép f 27 ¢6 canh day 7 mm, mat sang |ap 6ng, véach bao che, mit bich Iap ghép, dng gop
nuéc vao vara Dan 6ng sau khi gia cong dugc nhing kém nong dé dam bao sy dan nhiét tir
bé mat 6ng qua chan canh duoc tot.

2.2.S0' d6 thiét bi thi nghiém

Hinh 1 mé ta so d thiét bi nghién ciru trao ddi nhiét giira khi néng va nudc trong dan éng
co canh.

Dau dugc béc dbt tan swong ap luc (8) phun vao va chay trong bUOng lra (7). Quat gi6 (1)

cung cap luong khodng khi can thiét dé giam nhiét 6 khi néng xudng gan dén gia tri mong
mubn. Nhiét 6 khi sau d6 dwoc cai dat chinh xé&c nho chinh luu lwong nudc vao 6ng lam mét
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(6). Nudc vao dan ng duoc cap lién tuc nho bom (3).Trong dan trao doi nhiét (5) xay raqua
trinh gia nhiét nudc bang khi néng.
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Hinh 1. So db thiét bi thi nghiem

Hé thdng dwoc trang bi nhitng dung cu do can thiét &
§ Céc nhiét ké do nhiét do khi vanhiét d6 nuse
§Luu lugng ké do luu luong nuéc cap
§Ong do chénh | éch 4p suat trudc vasau dan 6ng
§Chong chong do téc d6 dong khi thoét.
2.3.Phwong phép thuec nghiém

Céc thi nghiém duoc thyc hién nham xéc dinh cu thé hi¢u qua thu hoi nhiét trong bo ham
nu’('yc‘khi noi hoi hoat dong & nhirng ché do khép nhau. Theo tinh toan thi nhiét do khoi thai
sau noi hoi phu thudc vao san lugng hoi twong do6i (hay phan tram tai) D theo quan hé:

tx =1.12D% + 44.6
Nhitng théng sb duoc ¢b dinh truéc mdi thi nghiém va nhiing sd liéu cin do nhu sau:
1/ Céc théng sb ¢b dinh:

Luu luong thé tich dong khi, Vi« [mf\,/h]
Luu lugng nudc, G, [1/ph]
Nhiét 6 khi vao dan ng, ti [°C]

2/ Céc sb lidu do chu yéu:
Nhiét d6 nude vao dan 6ng, to [°C]
Nhiét do nuéc ra, to [°C]
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Tro lyc dong khi quabd hém, h [mmH,0]
Phuong phép |y s liéu dugc td chuc cho 03 truong hop:

+  Khi luu luvgng nuéce ti 1€ voi tai: do véi cac tai cach nhau khoang 5%
_ + Khi luu lugng nuéc khong thay doi theo tai: ¢b dinh G, = 14.1 I/ph (ing véi ché do

day tai cialo hoi 1 t/h qui w6c) vado vaoi cac tai cach nhau khoang 5%

+ Khi khao s& anh huéng caa nhiét do nuéc vao & tai |on nhét: do dac véi nhiét 4o nudc
Va0 t, céch nhau khoiang 5°C.

2.4.Phwong phap xir ly két qua thuc nghiém

Chudi 6 liéu do cho mdi ché do tai dwoc dua vao bang dé xéc dinh giatri trung binh cho
tung dai lugng. Trong qué trinh xa ly két qua thuc nghiém khdng thay xuat hién bat ky sai so
thd ndo. B¢ chinh x&c cia cac phép do dugc danh giathéng qua giatri sai 1éch binh phuong
trung binh s tinh theo cong thirc quen thudc trong 1y thuyét Xac sudt thang ké:

Tir giatri trung binh x cuatirng dai lwong do tatinh dugc céc chi tiéu sau:
- Muc giatang nhiét do ciranudc cap, Db, = (o - toy) [°C]
- Luong nhiét trao doi, Q = GiCpnD, [kW]
- Nhiétdo cuakhéi thii ssuddnéng,  te =ta- Q(Gicw)  [°C]
- Hé sb truyén nhiét qui theo dién tich bé mat phiatrong éng,
ki = Q/(FiDtw) [W/(M?K)]
. Khao sét sy bién doi ciia c&c chi tiéu ndy theo phu tai D ching ta tim duoc phuong trinh
hoi qui mé ta moi quan hé phu thugc y =f(D).
3.KET QUA VA BAN LUAN

Két qua nghién ciru cho thiy rang, trong pham vi nhiét do khéi khao sét khdng qua rong
thi cac théng sd do dac va tinh toan dugc hau nhu thay d6i véi phu tai theo quan hé duong
thang. Do vay tat ca cac phueong trinh héi qui thu nhén duwroc déu ¢ dang tuyén tinh. Tuy nhién,
diéu quan trong va ciing |a muc tiéu nghién ciru chinh 1a x&c dinh duoc gia tri cu thé cua cac
théng s d6 tai mot ché do van hanh nhit dinh.

Giatrj sai léch binh phuong trung binh s tinh cho tirng dai lugng do déu khéng vuot qua
0.02 ching toé céc sb lidu thue nghiém cé da do tin cay can thiét.

3.1.Khi lwu hrgng nwéc thay doi theo ché df tai

Trong cac thi nghiém nay nudéc vao dan dng ¢6 nhiét do trung binh 1& 29.7°C; luu luong
nudc dugc chinh ti 1€ véi ché do tai D [%)] theo quan hé G, = 0.14 D —0.22
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Bang 1: Giatri trung binh caamét sb thong sd khi G, thay ddi ti 1é vai tai.

D,% | t.°C | t2°C | t2°C | Dt,°C | Q kW | ky, W/(Mm’K) | h, mmH,0
50.0 203.0 1215 50.8 22.7 10.77 132.20 35
55.5 205.6 1275 515 21.8 11.40 136.38 45
60.0 212.4 1224 544 25.1 14.36 172.38 45
64.4 218.8 1294 535 24.6 15.14 171.72 45
70.0 224.8 129.9 56.3 26.0 17.43 195.88 5.0
75.4 231.8 137.8 56.2 25.7 18.63 198.45 4.8
80.0 234.3 136.0 549 27.2 20.69 216.65 5.0
84.8 240.6 1315 58.6 29.8 24.35 257.93 6.0
90.0 245.4 146.2 53.9 27.1 23.47 227.48 6.0
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Hinh 2: Mirc giatang nhiét do nuoc Dt, [°C]  Hinh 3: Nhigt d6 khi sau dan trao ddi nhiét ty,
vanhiét luong trao déi Q [kW] theophu tai  [°C] vahé sb truyén nhiét ky [W/(m?K)]

Truong hop ndi hoi van hanh véi san luong hoi dinh muc thi nhiét do nudc sau bd ECO co
thé tang thém 30°C, nhiét lwong thu héi duoc 1a lon nhit — téi 28 kW dbi véi ndi hoi ¢ san
lwong hoi qui wée 1t/h tai 100°C (from & at 100°C). Khéi thai cudi cuing ¢ nhiét 6 147°C.
Hé s truyén nhiét tinh vé phiabé mat ng tron (k,) dat dugc 12 276 W/(m?K).

Khi ndi hoi van hanh non tai thi tat ca cac chi sb trén déu giam dan. Néu luong hoi sinh ra
chi 12 50% thi h¢ s truyén nhiét ciing con mét nira (132 W/m?K), nudc cap chi duge néng
thém khoang 22°C, cong suat nhiét thu hdi twong tng 1a 10.3 kW. R3 rang y nghia cia tan
dung nhiét khoi thai bi han ché. Piéu dang quan tam nira la nhiét d6 khéi thai bi xubng thip
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hon 130°C, ¢6 thé xay ra sy &n mon do hién tuong dong swong phia khéi khi dot dau DO; do
vay can co bién phdp phong tranh, vi du nhu phai gigi han ché do van hanh qué non tai, hay

chap nhan mdt cong suét thu héi nhiét thai thap hon.

3.2.Trwong hop cb dinh leu lwong nuéc

Thi nghiém nay nham phuc vu cho phuong &n Idp by ECO theo so d6 gidn tiép, Itic d6 luu
lwong nuéc G, vao bo ECO khong d6i, duoc cap béi bom tuan hoan. Ching toi da co dinh G,

=14.11/ph, tng véi ché d6 1am viéc day tai caandi hoi co nang suat qui uée 1 t/h.

Bang 2: Céc thong sd khi gitt luu luong nuae khong doi

D, % ty1, °C tio, °C Dt,, °C Q, kW Ky, W/(m?K) h
50.0 202.3 92.7 14.7 14.48 195.15 35
55.0 205.8 109.2 14.3 14.11 176.40 4.5
60.0 212.0 104.3 175 17.20 215.29 4.5
64.4 215.2 109.9 181 17.85 216.19 5
70.0 223.2 123.6 18.6 18.30 206.44 5
75.4 236.0 134.1 20.5 20.21 207.65 5
80.0 233.6 1295 22.3 21.92 232.34 5
84.8 240.3 1311 24.8 24.38 255.30 6
90.0 245.8 1445 24.4 23.99 233.53 6
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Hinh 4: B ham nuéc Dt, [°C] vanhiét lugng
trao d6i Q [kW] khi luu lugng nuac khéng doi

Hinh 5: Nhigt do khi sau b ECO ty, [°C] vah¢ sb
truyen nhiét k; [W/(m?K)] khi leu lugng nuae khong

doi

D, %
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Tathdy qui luat bién dbi cac thong sb theo phu tai ciing tuong tu nhu truong hop trudc,
nhung giatri caaching c6 khéc di — nhat lakhi luong hoi sinh rathap.

Do luu lwong nuée ludn dugc duy tri ¢ mic cao nén khi ndi hoi van hanh non tai thi hé sb
truyén nhiét khdng bi giam manh, cdng suat nhiét thu héi cao hon hin so véi truong hop trudc.
RG rang day 1a uu diém vuot troi cia phuong an gia nhiét gian tiép. Do hdm nudéc tuy bé, chi
15°C néu phy tai con 50%, nhung chi s6 ndy thuc sy khéng ¢ y nghia lam.

Mit tréi cua phuong &n duoc thé hién thdng qua gia tri qua thap caa nhiét do khi thai. Do
véy can lyachon that hop |y ché d6 1am viéc cua hé théng khi &p dung loai so db ndy.

3.3.Khi thay dbi nhiét d9 nwéc vao véi luu lwgng khdng doi

Pa sb c&c hé théng nhiét hién nay c6 duong dng thu hdi nuéc ngung. Nhiét do nuéc cap
ndi hoi s8 cao tuy theo lugng nuéc ngung hdi vé nha 6. Néu &p dung so dd ham nudc gidn
tiép thi nhiét do nudc raty, va nhiét lvong trao d6i Q s& bién ddi theo nhiét d6 nudc vao bd
ham t,, nhu & hinh 6, con hé sb truyén nhiét k, vanhiét d6 khi thai t,, nhu hinh 7.

Nhiét ¢6 nudc dau vao tang 1am giam dang ké do chénh nhiét d6 trung binh trong thiét bi
trao doi nhiét, nhiét lwong tan dung duoc do vay bi giam stit. Ngoal ra nuGc vao qua nong con
c6 thé gay nén sy hod hoi khdng can thiét trong bo ECO. Néu &p dung so db gianhiét gian tiép
thi khdng nén dé nudc vao bo ham néng trén 70°C.
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Hinh 6: Nhigt d6 nuéc sau bo ECO t, [°C] va Hinh 7: Nhigt d6 khi thodt t., [°C] vahé sb truyén
nhiét luong trao di Q [kW] theo nhiét do nuéc nhiét ky [W/(mPK)] theo nhiét do nudc vao
vao

4KET LUAN

Tir c&c két qua thuc hién thi nghiém chiing téi rit ramaot sb két luan vé trao doi nhiét trong
bo ham nudc kiéu dan bng c6 canh ché tao trong nudc nhu sau:

- Khi ndi hoi van hanh non tai, luu lugng khéi vao b ECO giam nhanh chéng (ti 18 thuan
Véi tai), toc do dong khi yéu dan dén sy sut giam caa hé s truyén nhiét 1a dai lwong cd vai trd
quyét dinh dén lugng nhiét trao doi. Nang suat thu hoi nhiét caathiét bi giam.

- D6 ham nuée Dt, giam dan theo sy giam tai, dat mac (24 , 30)°C. Nhu vay néu nudc
cip cho ndi hoi khdng duoc gia nhiét trudc thi nhiét do nude sau bd ECO s& khéng hon 60°C.
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- Hé sd truyén nhiét tinh vé phia mat trong 6ng k1 = 258 W/(m2K) khi thiét bi 1am viéc &
ché do dinh muc.

- Nhiét luong trao d6i Q = (10, 25) kW cho khoing ché do tai (50 , 100)%. Néu tinh
binh quan cho 1 mét 6ng cd canh thi Q1= (1.2, 2.5) kW.

- Khi hdi nuéc ngung néng vé nha lo thi nang suét trap ddi nhiét giam mot cht.

- Tré luc caa dong khi qua bd ECO duoc thiét ké, ché tao trong nudc rat 6n dinh. Gia tri
Ion nhat do dugc 126 mmH20, khdng anh huong téi ché do chay.

So sanh céc chi tiéu vé tan dung nhiét thai xé&c dinh tir thuc nghiém véi tinh toédn ly
thuyét [2] thi ching déu kém hon khoang (10 , 12)%. Biéu ndy cho thiy thiét bi trao d6i nhiét
do chiing ta ty ché tao chic chin con c6 hiéu suat thap, can thiét phai co sy hiéu chinh bd
sung. Vi thé két qua nghién ciru trén chic chan rat hiru ich cho viéc thiét ké va ché tao bo ham
nudc tan dung nhiét khéi thai ¢ cac ndi hoi cong nghiép dét dau DO hay dbt gas. i vai ndi
hoi dét dau FO can c6 thém nhitng nghién ctru cu thé hon.

Bai bdo ndy duoc thyuc hién dudi sy hd trg kinh phi tir dé tai “Nghién ctu thiét ké bo
ham nudéc kiéu dan dng cé canh dé tan dung nhiét khai thai tir ndi hoi cong nghiép ong 10 -
4ng ltra nham nang cao hiéu suat ndi hoi, tiét kiém nhién liéu” thugc chuong trinh NCKH cap
trong diém Dai hoc Qudc gia Tp. HO Chi Minh.

STUDY ON HEAT TRANSFER IN ECONOMIZER APPLIED FOR
INDUSTRIAL BOILERS

Nguyen Van Tuyen
University of Technology, VNU-HCM

ABSTRACT: Boiler economizer with the heat exchanger of finned-tube type must be
designed compatibly with the whole boiler system. For this reason, calculation of the
economizer by using common formulas might lead to an unexpected error. Experimental
research has been made to verify some specific parameters of heat transfer taking place in the
equipment, such as temperature changes of the exhaust gas and feed water, overall heat-
transfer coefficient, amount of transferred heat, and total aerodynamic loss on the gas side.
Those figures have been determined for different boiler’s operating conditions. Possibilities
for applying results of the research in the field of oil-fired industrial boilers are discussed.
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