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Chuwong 1: CAC KHAI NIEM VE MANG NHIET
1.1. Pinh nghia, vi du vé mang nhiét (MN).
1.1.1. H§ cap va h tiéu ding nhiét - lanh

- Trong thiét bi trao doi nhiét (TBTDN), dé nung nong hay lam lanh mét san
pham (SP) niao d6, nguoi ta cho né THN v&i mot chit trung gian nao d6. Vi du: hoi
nudce hay gas lanh, goi 1a tdc nhan mang nhiét hay lanh.

- Ho cip nhiét (lanh ) 1a thiét bi san sinh ra tac nhan nhiét (lanh). Vi du ho cép
nhiét 14 10 hoi tao ra hoi nudc, budng d6t tao ra khi néng (san pham chay — SPC) dé
cap cho thiét bi say san pham.

Vi du h cép lanh 1a t6 hop may nudc - binh ngung san sinh ra gas 1ong cao ap dé
cép cho thiét bi 1am lanh hodc Water chiller cung cap nudc lanh dé didu hoa khong khi.

- Ho tiéu thy nhiét (lanh) 1a TBTDN st dung tic nhan nhiét (lanh) dé gia nhiét
(hay lam lanh) san pham.

Vi du hd ti€u thu nhiét 1a dan caloripher sir dung hoi dé gia nhi¢t khong khi.

Vi du ho tiéu thu lanh 1a ta cép dong su dung moi chét lanh long cao ap dé lam
d6ng lanh thyc pham.

1.1.2. Phu tai nhiét

Phu tai nhiét Q[W] 1a lugng nhiét can cép vao ho tiéu thu hoac sinh ra tir ho cép,
trong mot don vi thoi gian.

Q 1a cong suét do tac nhan nhiét (Ianh) mang vao hoic lay ra tir thiét bi trao ddi

nhiét, con goi la cong suat cua thiét bi.

q ko
- bé xac dinh phu tai nhiét Q, ta
. Max ZQq(7)
dua vao phuong trinh cin bang nhiét 2QEYIN
7 o 0N | |

cho san pham va modi chat trong / 2 _\\
N / I~

TBTDN, trén co s¢ yéu cau cia cong QML’)/ \\

ngh¢ sén xuat. 0 3 6 9 12 1518 21 24 '}
- Theo yéu ciu cong nghé san Hinh 1.1: P thi phu tii Q(1)
xuat, thuong phu tai nhiét Q thay doi
theo thot gian, Q = Q(1).
Pé tinh chon phu tai Q cho mét ho cép nhiét can cong tat ca cac phu tai Q;(t) cua

cac ho tiéu thy, rdi chon Q theo nguyén tic: Q> 2.Qi(t), nhu vi du trén hinh 1.1
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-Dbi vai cac thiét bi 1am viéc khong lién tuc, vi du 1am viéc theo mé, theo mua,

vu ngudi ta c6 thé tinh phy tai nhiét theo don vi kJ/ mé, MJ/ mua(vu).
1.1.3. Mang nhiét.
-Dinh nghia: Mang

nhiét 1a hé théng duong

ong va cac phu kién dan

moi chéat luu dong giira

ho c?ip va hd tiéu thu

nhiét lanh.

Céc phu kién 1a cac

thiét bi dung dé duy tri

va didu khién sy luu " oo
dong cia moi chét, nhu C

binh chwa, binh gobp, E D
bom quat, cac loai van, " )
thiét bi pha trdn, té cut,

gid treo try d& ong, co Hinh 1.3: So' 46 mang nhiét trong h¢ thong lanh

cAu bu nd nhiét, v v...
Vi du vé mang nhi¢t trong nha may nhiét dién va hé théng lanh dugc mo ta trén
hinh 1.2 va hinh 1.3.
1.2. Két cAu dwong dng
1.2.1. Céu tao 6ng dan.
Mit cit ngang ong dan thuong c6 céu tao
nhu hinh 1.4, gém 3 16p vat licu: 6ng, 16p cach
nhiét, 16p bao vé.

Puong kinh trong d; cta 6ng dugc tinh theo

luu lugng G, van toc ® va khoi luong riéng moi

chét theo quan hé: Hinh 1.4: Ciu tao ong dan

G = pof = po’d/” hay d = 2 S V6i w[m/s] chon theo loai méi chat. Chit
A0

khi o € [4 +75] m/s ting theo &p sudt va 6 qué nhiét.



1.2.2. Cac yéu cau vé ong dan.
1) Chiu duoc nhiét d6, 4p sut va tinh an mon cua moi chit khi lam viée. Khi t,
p cao, phai ding 6ng kim loai khong han mép, ndi 6ng bang han hoic bich.
2) C6 16p cach nhiét bang vat liéu c6 A bé, chiu duoc nhiét d6 vo dng, it hit am,
it mao dan, bén lau.
3) C6 16p bao vé ngoai cung dé cach am chd wdt 16p cach nhiét, chiu duoc tac
dong ctia méi trudng xung quanh( khong khi, dat, nude...).
1.2.3. Lap dit dwong ong.
- Tuy theo cong ngh¢ san xuét va dia ban nha may, khi lya chon vi tri lép dat
duong 6ng can cha y: 0]

1) B6 tri ho cap, ho w . ypg

LL) U ” \w)
tiéu thu hop 1y. [
2) Puong ong ; X)X
nge"ln, gon, it t€ cut bao ®

dam giam ton that nhiét va

thuy luc.

3) Khong can tro

khong gian lam viéc, it i i
Hinh 1.5: Cac vi tri lap diat dwong ong
anh huong moi truong.
- Vi tri dat duong 6ng c6 thé trong khong khi (trong nha, ngoai troi) dudi mat
dat (ngdm trong dat) hodc dudi mat nudc (trong nudc, trong dng ngam).
Khi dit 6ng ngoai troi can chéng anh hudng ctia mua gié. Khi dat dng ngam can
chbng anh huong cta nudc ngam va tac dung an mon ctia moi truong.
1.3. Vi tri treo d& dng.
1.3.1. Yéu cau ciia viéc treo dé ong
Khi dit dng trong khong khi can sir dung cac moc treo, gia d& hodc tru d& nham
giit cho 6ng duge an toan va 6n dinh khi lam viéc. Cac két cdu treo d& c6 cu tao theo
quy pham an toan, can bao dam yéu cau sau:
- Giit cho 6ng an toan dudi tac dung cua trong luc va gioé bio
- Chdng rung dong va bién dang duong ong.

1.3.2. Xac dinh vi tri cin treo d& ong.
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bé bao dam yéu cau trén, khoang cach 16n nhat gitra 2 di€m treo do Ong la:

1= [120m3;, % . (m)

voi: ¢=0,8;1=(0,4+0,5)
S*CP[N/mz] la ung suét dinh muc cho phép cua vat li¢u 6ng tai nhiét do lam viéc
cuc dai.
d,—d; .

wW=0,1 —q [m*] 12 mé men bén tuong duong ciia éng.
1

q=+q’+q2, [N/m] 14 Iyc tic dong trén 1m Ong,
Trong do:

q,1a trong luong trén mot mét 6ng (6ng, méi chét, vat liéu cach nhiét)

Q1 =elpd (&’ = d") ¥ p, B di* ¥ pe 7 (A7 &) [N/m]

2
qi = kdc%, [N/m] 14 lyc ddy 1m 6ng do gié c6 vén tdc 1iy bang o = 30

m/s, khéi luong riéng p = 1,2 kg/m3, v6i hé s6 khi dongk =(1,4+1,5) .
d. (m) 1a duong kinh ngoai 16p bao v¢ hay cach nhiét.
12¢n62p (d;1 - df

1
1%, [m]
Sdi\/4q12 +k*d’p o’

Tom lai, néu duong 6ng dai 1> 1, hay 1>

thi can chon thém mét diém treo d& 6ng.

1.3.3. Vi du: Tinh [I] cho éng thép C10 c6 & ,(t = 250°C) = 11,2 kG/mm’* =

11,2 .9,81.10°N/m* = 1,1.10°N/m’ v6i d,/d,= 60/50 mm, d, = 70 mm, p, = 7850 kg/m”,
pmc = 4,16 kg/m® dit trong khong khi. Ta ¢6 :

di-df _ o, (60* —50*).107**

W=0,1-2 0, ———=1,34.10" m’.
d, 50.10

q: = 67,8 N/m.
2 2

@2 = kd. P2 = 1,5.0,07. L2307 _ 56 7 N/m.

q= /67,8 +56,7* = 88,4 N/m.
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*

! s
(1] = (12.0. 8, 2)? =(1,2.0,8.0,45.1,1.108.%)2=8,49 m.
q

Thuc té néu 1 > 8 m thi cin c6 gia treo dd.
1.4. Tinh bu né nhiét.
1.1.4. Hién twong né déu va tng suit nhiét.
Mot dng dai 1, khi nhiét do tang 1én At thi né dai thém doan Al = laAt, v6i hé sb

no dai a = % [1/K] phu thudc loai vat liéu. Vi thép cac bon thi a = 12.10°1/K.

Khi d6 trong 6ng phat sinh ng suat nhiét & tinh theo dinh luat Hook
0=Ei=E. A—lx = EaAt. Vi thép cac bon thi & = 2,35At Mpa = 24At kG/cm™.

Luc nén sinh ra khi ¢6 tng suét nhiét la:
T Al
TT &= d2 _ d2
p=df=8%i-d)=71 "4 Ny
Ung sut nhiét khi qua gi6i han cho phép c6 thé gy ra nut, gay ong, 1am hu hong
thiét bi va gy su c6 nguy hiém.
Pé khic phuc tinh trang nay ta dung co cau bu nhiét.
1.4.2. Cac co cau bu nhiét cho dng
Dé bu no nhiét duong dng ta ding co ciu bu nhiét han vao gitta dudong ng. Co

cau nay gom mot

R

éng lién duoc R
. +—
uon cong hinh _

I AN
chi U, chir S \\\ |
hoac chir Q véi R X&FXR '
cac ban kinh (a) (b)

cong R xdc dinh  Hinh 1.6: Cac co cAu b nhiét: chir U (a), chir S (b), chir Q (c)
theo qui pham, phu thudc dudng dng va vat lidu.

Khoang cach can dat bu nhiét la:
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v6i 8= 1(d, ~d,) [m] 1a chidu dai éng

2

q 13 4p suét trén mat ké dng, q = trong luong dng/ dién tich ké = %, [N/m?].

2

[0) S*Cp[N/mz] 1a Gmg suat cho phép cua vat liéu éng, ¢ = 0,8.

p[N/m*] 1a &p suit moi chat trong 6ng.

d,[m] 1 dudng kinh ngoai 6ng dan mai chat.

1.4.3. Vidu:

Tinh [I,] cho duong éng nhu ¢ vi du 1.3.3 noi trén, khi chon mat ké c6 dién tich

d>.b=(0,06.0,1) m*v6i hé s6 ma sat p thép = 0,18 s& c6:

Cha ¥:

5= %(d2 -d,) = %(60 ~50).107 = 0,005m.
q= q; [lt] _ 67.8.8,49 =95937 N/m*
d,b 0,060,

_ 3 s p 3,4 _pdy
[l ] pq[\/((pscp) 4(p28J 48]

5 2 5
_ 0,005 (0,8.1,1.108)2 _é 8.10°.0,06 B 8.10°.0,06
0,18.95937 4\ 2.0,005 4.0,005

=248 m

- Cac mat ké dat, treo do can ti€p xtic mat ong d, dé khéi lam mdp vo bao

- Phan thap cua co cau bu nhiét can lap van xa nudc ngung.
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Chuong 2
TINH NHIET CHO MANG NHIET

2.1. Muc dich va co sé tinh nhiét cho mang nhiét.

2.1.1. Muc dich tinh nhiét cho mang nhiét:

1) Xéac dinh ton that nhiét, tirc lugng nhiét truyén qua 6ng ra méi trudng, qua
tig Ong va toan mang nhiét.

2) Xac dinh phan bd nhiét d trén mat cit ngang 6ng, trong moi chit nhiét va
trong mdi truong quanh éng.

3) Xac dinh luat thay d6i nhiét d6 moi chat doc 6ng, tinh nhiét d6 moi chat ra
khoi ong.

4) Xéc dinh sy chuyén pha ciia méi chat doc dng tirc 1a tim vi tri xay ra su ngung
tu hay s6i hoa hoi, lwgng mdi chat da chuyén pha.

5) Dé chon két cau cach nhiét thich hop.

2.1.2. Co sé dé tinh nhiét cho mang nhiét

Pé tinh nhiét cho mang nhi¢t, nguoi ta dya vao phuong trinh truyén nhiét,
phuong trinh can bang nhiét, két ciu duong dng cting méi chit va méi truong.

2.1.2.1. Két ciu dwong éng, méi chit va méi trwong.

Mit cit ngang duong 6ng thuong co |
két ciu nhu hinh 2.1: Bén trong 13 moi O (dde, 15
chat c6 thong so6 cho trude GC,ty, ti€p theo
1a éng dan co di/d,, Ae,ngoai dng 1a 16p ON (deld.. 1)

cach nhiét co6 A, d., ngoai cung la 16p bao BV (db/dc, Ab) 7
MT (to)——— |
2

vé cd Ay, Op, mOi truong xung quanh co
nhiét do t, Hinh 2.1: Mit cat ong din
2.1.2.2. Phwong trinh truyén nhigt.

* Pé tinh ton thatnhiét trén mot mét 6ng ding cong thirc:

q- b=t [W/m] véi
R

1
t, 1a nhiét d6 moi chat, [°C].
t, 1a nhiét 36 méi truong, [°C].

Ry 1a téng nhiét tro truyén nhiét qua mot mét 6ng, [mK/W].
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R]ZZ R]i:Raﬁ‘RO‘FRC‘FRb‘f’qu hay:

d d
R, = ! + ! lni-‘r ! In—< + ! In—> + ! .
nd,a, 2nan, d, 2am, d, 2am, d nd,a,

Cc

* Trong téng trén, R, va Ry, 1udn co trj sb dang ké khong thé bo qua. Céc nhiét
trd khac c6 thé bo qua khi dap ung diéu kién sau:

1) Khi méi chat 1a chat 1ong hay chat khi ¢6 van toc o > 5m/s, thi o kha 16n cho
phép coi Ry = 0.

2) Khi 6ng bang kim loai mong, véi di/d, < 2 va Ay > 30W/mK, thi R, <

1
27.30

In2=0,0037 mK/W, c6 thé coi Rs= 0.

3) Khi 16p béo vé bang vat liéu mong, coi d, = d, va Ry, =0.
* Tinh t6n that nhiét trén mot éng dai 1[m], c6 thé tinh theo:

Q =Iq; [W], khi q; = const, Vx €[0,1].
1

Q= Iql(x)dx khi q, thay doi trén truc x cta dng, (do nhiét d6 moi chét thay ddi
0

doc ng).
2.1.2.3. Phwong trinh cin bang nhiét
Phuong trinh c4n bang nhiét cho moi chét chay trong dng 6n dinh nhiét 1a
(Bién thién Entanpy moi chét qua 6ng )

= (ton that nhiét qua 6ng do truyén nhiét).

4 a1l A Gi
* Phuong trinh can bang nhiét va tich Cll;tl

phan cho mai chat trong doan éng dx 1a: 0 B x+dx 1

dI = 8Q hay Gdi = qdx (dang tong quat). Hinh 2.2
Néu méi chat khong chuyén pha, bi lam ngudi do toa nhiét thi phuong trinh can bang
nhiét c6 dang: -GC,dt = t;" dx.

1

* Phuong trinh can bang nhiét tich phan cho doan dng dai I(m) 1a:

l —_—
Al = Q hay Gij-ip) = jt(xl){—_todx ~1q,
0

1

1
Néu moi chat khong doi pha thi: GCy(ti-ty) = [ q, (x)dx , [W].
0
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2.2. Tinh nhiét dwong 6ng dit trong khong khi ngoai troi.
2.2.1. Mo ta bai toan.

Xét moi chat mot pha

nhiét do t; chay qua 6ng chiéu -,

dai | c6 cac thong sO cua Ong:

d/dy, Ao, cua 16p cach nhiét d., Hinh 2.3
Ae, cua lop bao vé dy, A, dét trong khong khi nhiét do t,.

2.2.2. Tinh cac hé s6 toa nhiét véi méi chat va mdi truwong

* Trong truong hop téng quat, hé sb trao doi nhiét a,; véi moi chét 1a chét khi, va
v6i moi truong 13 o, s& duoc tinh theo phuong phap 1ip. Cac budc tinh lip gom:

1) Chon nhiét d§ mat trong 6ng twi.

Tinh o, theo cong thirc TN toa nhiét cudng birc o} = ;L—lNul(ReGrPr)l.

0
Tinh oy = £48(T1* Tw*)/(T;-Tw) vdi &, = d6 den bng.
Tinh q, = (ot o)ty —twy)mdy, [W/m].

2) Tinh nhiét d§ ngoai vo bao vé t, theo phuong trinh:

t—t t,—t .
qli — qM — wl b tl:I'C tb — tW] — wl b In d1+1
S S
2nm;,  d 2nm,

Tinh o, - 7‘_2Nu2 (GrPrRe), theo cong thirc TN tod nhi€t moi trudong.
db
Tinh q12 = O(,z(tb — t())TCdb, [W/l’l’l]

qi,
q,

3) So sanh sai sd &g = 1- | v6i [€] = 5% chon trudc, tic 1a xét:

: {>0_> Thay ddi tw; va lap lai (1 + 3)

e, —lel= .

! <0— lav ou. o nhu trén

Néu mdi chét 1a pha long, co thé coi a,; —> o hay ty; = t;, va tinh mot lan t,, o

theo cong thurc & budc 2 .
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* Tinh toan thuc t& c6 thé ding cac cong thuc kinh nghiém tinh o, ra méi

t,_ t, )"
truong khong khi theo: «a, = 1’16( d, ]
11,6 + 7o
V6l ty, to 12 nhiét d6 moi chat, moi truong[°C]
d, la duong kinh ngoai 16p bao v, [m]
o 13 toc do gio, [m/s]
o 12 hé sb toa nhiét, [W/m’K]
2.2.3. Tinh cac nhiét tro:

Ra1 = —— ., [mK/W]
nd, o,
Rs= ! lni, R.= ! lng, [mK/W]
2nm, d, 2nm,  d,
_ 14, _ 1 _
Rb = In— . Ra2 = . R] = ZRbia [mK/W]
2nm,  d, nd, A,

Trong thyc hanh,cho phép bo qua R,;,Rs, Ry, theo cac diéu kién noi trén va tinh
o, theo cong thirc kinh nghiém.

2.2.4. Tinh ton that nhiét:

2 £ AL A \ioay A X thye — L
Ton that nhiét trén 1m dai duong ong la: q = <2

, khi tinh gn dtng, coi

A \ , as 1 K ) R A U t =t
nhiét d6 trung binh ctia méi chat trong 6ng 1a t; & dau vao tic la q;= +—2, [W/m)].
1
- Ton that nhiét trén 6ng dai 1:

t, -t
Q Qi R 5[ ]

1
2.2.5. Phan b6 nhiét do trong vach ong:

* Nhiét d0 mat ngoai 16p cach nhiét t., khi coi R, = Ry = Ry; = 0 xac dinh theo
phuong trinh cén bang nhiét:

— tI _tc _tc_tO
R, R 11

c o2
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* Phan b t trong cac 10p vach c¢6 dang duong

cong logarit nhu hinh 2.4.

Ghi cha: Néu 6ng chir nhat axb thi ding duong
t i

kinh twong duong t ™~
c Hltc

_ 4 2ab |

va tinh nhu ong tron. 2 I
u a+b [

d

2.2.6. Vi du thyc té: Hinh 2.4: Phan bé t(r)

] . A . d
Tinh a,, Ry, q, Q, t. ciia ong cod d—° =<0 mm, d, =
1

160, A, = 0,1 W/mK, 1 = 50m dan dau néng, t; = 120°C dat trong khong khi t, = 30°C,
gio o =3 m/s.

Cac budc tinh:
1) Hé s6 toa nhiét ra khi troi: o, = 11,6 +7v0 = 11,6 +7/3 =23,72 W/m'K.

2) Tinh téng nhiét trd, bo qua Ry; = Ry = Ry =0. Rj= ——In e 41
2an, d, =nd.a,
R = ;ln@ +; =0,514mK/W
2.3,14.0,1 50 3,14.0,06.23,72
3) Tinh ton that nhiét:

qQ= tl_t‘):lzo_30=175W/m =N
R, 0,514 0[==3 """ r

t e

Q=1q,=50.175=8750 W .

te BN
L + tio tO _____ ¥
r — Rc Ra2 i S =
4) Tinh tc = i VOl 0 I L T

R, R, Hinh 2.5: Phan b6 t(r) trong vach CN
R=—— 1 _gs14mk/w
2.3,14.0,1 50 3,14.0,06.23,72
Rp=— 1 1090 g20amr/w
3,14.0,06.23,72 50
120 30
0,29 0,224 _ 69°C

1

1

- + -
0,29 0,224
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Nhdn xét: Néu khong boc cach nhiét thi hé s R, = 0,224 mK/W, q, = 402W/m,
Qo =20089 W =230% Q.

2.3. Tinh nhiét 6ng ngim trong dit: v 0
2.3.1. M6 ta két cAu: mot ong chon ngam G/EAT
trong dat: gém 6ng dan (dy/dy, As) boc cach nhiét h / :
(de, Ao) 16p bao vé (dy, Ap) c6 khad nang chéng ' { 1 C(;tl/ 40.70)
thidm nudce, chon ngf&m trong dat (Mg, to) céach _’ BI\\I, (cil(k:;//(cil]c',);fl;)
N D (sto)

mit dat h. . ) )
) . . Hinh 2.6: Ong ngam trong dat
Nhi¢t do vung dat xung quanh ong duogc

xac dinh theo quy udc: ,
- Nhiét do mat dat khi h ( 2d,

o= { - Nhiét do dat tai d6 h> 2d, lay theo gia tri trung binh nim

nh¢ do tai thuc dia.

2.3.2. Tinh cac nhiét tro:

* Cac nhiét tro R, Rs, R, Ry, duoc tinh nhu trén,

Ry1, R, Ry duge phép bd qua theo cac diéu kién néu ¢ hz_( j L h
t

to

muc 1.2.2. w2 g
. . h (/
* Nhiét tr¢ dat dugc coi 1a nhiét tré6 1 m ong tru
bang dit c6 A4 va ti s6 cac dudng kinh ngoai, trong 1a:
d 2
2l h+,/h? +[bj ;
d { 2 J d 2h ) Hinh 2.7
== hay *+=—+ || —| -1
dt db dt db db
2
T _ 2h 2h N ,
tuc la: Ry = Inj=—+ || =—| -1, mK/W. (cong thitc Fochemer).
2nd, | d, d,

V6i: Mg 12 bién s6 dan nhiét ciia dat, phu thudc loai dat, nhiét do t, d6 4m ¢. Khi t
e (10 +40)°C va ¢ € (50 +90)% thi co thé 1dy A4 (1,2 +2,5) W/mK hay A4 = 1,8
W/mK.

# Néu coi Ry = Rg= Ry= 0 thi c6:
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2
Ri=R, +Ry= e L /2, 20} )
md a2, |, g,

Cc

2 X A t, —1t .
T6n that nhiét q; = ‘TO va Q =1q,.

1
2.3.3. Trwong nhiét dd trong 16p cach nhiét va trong dat.
* Truong nhiét do trong 16p cach nhiét tinh theo phuong trinh can bang nhiét:
b b
— Rc Rd
1 1
RC

_—
d

* Néu chon h¢ toa d§ Oxy v6i ox vudng goc vadi truc Ong, oy song song voi g qua

tryc dng thi nhiét do tai diém M(x,y) duoc xac dinh theo cong thirc:

s x* +(y+h)’
A\ X+ (y=-h)’

2
lnd—°+Lln&+ 2h -1
d iy |d d

Cc

t(x,y) = to +(t;- to)
1
}\‘C C

* Néu dng chir nhat axb thi tinh trong tu dng tron

Hinh 2.8 mé ta phan b t trong 16p cach nhiét va &/ :

trong dat t)

LML

2.3.4. Vi du vé 6ng don ngam trong dit.
Bai toan: Tinh R, Ry, q1, Q, t., t( x = 0,1; y =

Hinh 2.8: t(r) trong

d, _150 cach nhiét, trong dat

0,2m) cia duong ong dai 1 = 20m, d—°
1

mm, A, =

0,05W/mK, dan nudc néng t; = 90°C, ngﬁm trong d4t sdu h = 500mm, to = 27°C, A4 =
1,8 W/mK.
Cac budc tinh

R, = ! lnd—C = ;ln@=4,2 mK/W
d, 2.3,14.0,05 40
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2.0,5

|

2
j —1] =0,23 mK/W.
0,15

2
Rs= ! ln&-i- & -1| = ! In 2'0’5+
2na, |d, \ld, 231418 | 0,15
q=-n"t = 99727 45 wim,
R, +R, 42+0,23

Q=1q=20x14,2=285W.

Lt %, 2
_ R, R, _ 42 023 _ .40
R T R RO B

R, R, 42 023

S x> +(y+h)?
Ay x? +(y—h)2

t(x,y) = to +(ti- to)

LlnSJriln

c dl ;\’d

2h
4+

Cc

oh Y’
e
(dc]

1 \/0,12 +(0,2+0,5)°

1,8V 0,1% +(0,2-0,5)*
= 27 +(90-27) lt )
1150 1.]205 [(205Y

i TN e |

0,05 40 18 | 015 0,15
—27+ 63224 —298°C. 20 0| 0.1

27.87
ol 02l du .

Phan b t trong cach nhiét va trong dat co

dang nhu hinh 2.9

2.4. Tinh nhiét nhiéu 6ng ngim
trong dit.

2.4.1. M6 ta hé nhiéu 6ng ngim
trong dat:

Xét hé gom hai 6ng ngdm co (t;, Ry, to
d,) va (t,, Rep, dy) chon trong dat cing d6 sau

h, cach nhau b da gan dé c6 thé trao doi

nhiét v&i nhau véi nhiét do moi chat t; > t,.

7
S

Hinh 2.9: Phan bb t(M)

¢0.00 0 X b X
h y:...

AN SR
lecl
t b

Hinh 2.10: H¢ hai 6ng ngim

Cho biét A4 nhiét do dat tai d6 sdu h ngoai hai éng 1a t,.
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2.4.2. Tinh ton thit nhiét.
1

2
Néu goi : Ry =Rg; + Ry = nde 1 020, 20, , mK/W
2nA, d, 2=n4, |d, d,
1 d 1 |2n (20
RZZRC2+Rd2: In—2+ Inj —+ — -1 ,mK/W
2na, d, 2mA, |d, d,

2
R, = ! In 14{&] , mK/W
2nA, b

(t, —t, )R, —(t, —t,)R, .
= =-q, (VO1t;> 1), W/m.
q, R1R2 +R(2) qlz( 1 2)

2.4.3. Trwong nhiét d trong dat.
Chon h¢ toa do xoy véi1 y / g qua truc 6ng nong t;, Xx= mat dat va x L truc 6ng,
nhu hinh 16.
* Truong nhiét do tai VM nam ving ngoai 2 dng, cd x < 0 hodc x > b, gidng
nhu & quanh éng don tiép xuc ving ndy, véi cong thire tinh t(x,y) nhu trén.
* Trong ving dét giita 2 6ng voi 0< x < b tai diém M(x,y) c6 nhiét do bang:

t(x,y) = to+ 2q11 lln\/xz+(}’+h)2 +ln\/(x_b)2 +(y+h)2} -
nm,

x* +(y—h)’ (x—bz)+(y—h)2

2.4.4. Vi du hé 2 éng ngam:
Co t; = 150°C, t, = 30°C, 1 = 100m,

0
h Y=—M
to(h) = 27°C, h = Im, &g = Aes = 0,02W/mK, ﬁ
t

tO YW tO
&:@, dc2:@, b = 300mm, Ay = u Rdw dest
d, 50" d, 30 de t N =

1,8W/mK.
Tinh q,, Ql: t(X — 0,15m, y = 0,8m) Hinh 2.11: Hé hai 6ng ngﬁm

- X b X

S/ e
f
8

.

hinh 17

2
Rem L Ly 2, [0
2nAd, d, 2mnd; |d d

cl cl



-16 -

2
S P L e e I L G
2.3,14.0,02 50 2.3,14.1,8 | 0,15 0,3

2
Roe Ll Ly2n (o)
i, d, o2mA, |d, \\d,

2
= ! In 100 + 1 In 2.1 + 2.1 -1{=9,91 mK/W.
2.3,14.0,02 430 23]14.1,8 |0, 0,1

2 2
Ry= —In|1+ (@j = U e [Z2 =007 meow.
2, b 231418 03

9

_(t, —t)R, —(t, —t,)R, _ (150-27).9,91-(30-27).9
R,R, +R: 9.991+0,17°

Qi =1q=100.13,4=1337 W.

t(x,y) = to+ 2(111 lln\/xz+(y+h)2 +ln\/(x—b)2 +(y+h)2}
Ty

2 ]

x* +(y-h)’
13,4 0,152 +(0,8+1)° (0,15-0,3)" + (0.8 +1)’
In ~+In > 5
23,1418 | 0,15% +(0,8-1) (0.15-0,32)+(0.8-1)

=13,4 W/m.

}= 36,4°C.

Phén bb t c6 dang nhu hinh 2.12

©)©

NS

/_I_\\‘t—z—-\ to
0 i b X

Hinh 2.12: Phén b6 t trong h¢ ng ngim

2.5. Tinh nhiét cho 6ng don trong kénh ngam:

2.5.1. M ta ong don trong kénh ngim:

Ong don cb (g—l ) boc céch nhiét (j—c ) V6 bdo vé (dy, Ay dit tai do sau h

0 1

dudi mat dat trong kénh ngﬁm c6 kich thudc Bx Hxd ¢6 A trong dét 6 Ay, to. MOi chat

trong dng nhiét do t;.
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Qua4 trinh truyén nhiét tir moi chat dén dit gdm dong nhiét moi chat dén mit

trong dng — qua 6ng — qua cach nhiét —

A . R « R 0,00
khong khi trong kénh — mat trong kénh — qua
kénh — vao dat. | X e
F o - cny em - £ R, S
- Qua trinh trao doi nhi¢t gitra moi chat _D_\RC \x CN.dche
dén mat trong Ong 14 trao do6i nhiét phirc hop B&__#J H B Tk
Ray | el0F ] K,BHS A
VOI: 0L = Qg + Olppy tinh nhu bai 2. Ry BV.dbib
Rd ~D.Ad to

- Qué trinh trao doi nhiét tr mdi chat — i
Hinh 2.13: Ong don trong kénh
khong khi trong kénh — vach kénh coi 1a trao

ddi nhiét dbi luu tu nhién voi o, = o3 duoc tinh theo :

0,25
t, t ’
U I S [ttt hay
Oy =03 = d

Cc

11,6 + 7o khi =0

2.5.2. Tinh cac nhiét tré:
1

Rai, Rs, Ry tinh nhu trude, co thé bé qua khi da nhé. R, = 1n%° 1a phan

2nA,
chinh cua R,
RaZ = 1
nd. o, d _df; _ 2BH
1 .| u, B+H
R, = VOl
nd, 0, o _df _ 2(B+23)(H+23)
,=—2=
B+H+ 4%
R, = ! lnd—4 Ha
A, d,
1 |2n |(2nY
Ry4= In| — — -1
2nd, | d, d,
2 2
_ 1 | hB+H+45) h(B+2H+45) 1| mkw.
2nA, | (B+28)(H+25) \(B+25)>(H+25)

Ri=2Rji = (Ro1)*(Ro) + (Re) + (Rp) + Rz + Ros +Ri + Ry

2
o lnd—°+ ! + ! + ! lnd—4+ 1 ln&+ 2h -1].
2nA, d, wnd,a, mndyo, 2md, d; 2nk d, d,

C
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2.5.3. Tinh nhiét dg tx ctia khong khi trong kénh:

Theo phuong trinh cin bang nhiét: g, — khong khi = g — dat.

Néu can tinh o, chinh xé4c, dung chuong trinh l3p sau:
1) Tinh R, Rk, R4 nhu trén.

2) Chon truéce ay = 11,6W/m?K, tinh Ryp = — -, Ryg = —— .
nd. o, nd;ol,

c

3) Tinh tx = (t, to, Rc , Rz, Ros ,Rk , Ry) theo cong thirc (5.3).

C

. — t,—t, )4
4) Tinh lai o, = 11,6 4

5) Tinh va so sanh sai so:

‘_“_2

0.05 - Y0 — thay dbi o, va lap lai cac budc (2+5)
’ <0 — lay oy vira chon.

2.5.4. Tinh ton thit nhiét:

Tbn that nhiét qua 1m 6ng kénh la: q = d ; o , W/m

!
Tén that nhiét qua dng dai 11a: Q =1q;,, W.
2.5.5. Vi du vé tinh 1 4ng trong kénh ngam:

‘Zc - % Je= 0,02W/m, 1 = 100m dat trong kénh B =

Tinh Ry, ti, Q cua 6ng co:
250, H = 300, & = 150, A = 1,3W/mK, & d6 sau h = 500, dit co6 As = 1,8W/mK, t, =

27°C, méi chét 1a dau ¢o t; = 150°C.

Céac budec tinh:

DTinh Ry Re= ——mde =1 1100 761 mk/w.
A T d 2314002 60
Rp= = =017 mK/W
> nda, 314016116 '
) Tinh  dy= o 220203593,

" B+H 025+0.3
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_ 2B+26)(H+26) _ 2(0.25+2.015)03+2.015) _ ) o

d
N B+H+468 0.25+03+4.0,15
3)Tinh ~ Ryz=—— = ! = 0,1 mK/W.
tdo, 3140273116
Re= - mdee 1 19574609 mk/wW.

= n—= n
2n4,  dy; 231413 0,273

2 2
Re= Lo 20, (20} |21 1205 [(205Y
i, | d,  \ld, 2314.18 0,574 \ 0,574

=0,1 mK/ W.
t + ) 150 N 27
R, +R R R, +R
)T inh t— J; w R+ ! +R, _ 7,81-;0,17 0,1+0,;)9+0,1 _313°C,
+ +
R.+R, R,;+R,+R, 781+0,17 0,1+0,09+0,1
, t, -t -
5) Tinhq = &= 150 =27 =15W/m.
SR, 7.8+0,17+0,1+0,09+0,1
Toéng ton that : Q =1g; = 100.15 = 1500W.
2.6. Tinh hé nhiéu 6ng trong kénh ngim:
2.6.1. M6 ta hé n 6ng trong kénh.
3 . 0,00
Xét hé¢ gom n ong duong kinh tuy y, co Ry
x. 1 5 h
tam dat tai cung do sau h, moi ong dan cac modi 1 Rg
- o - SHOHE
chat khac nhau, nhiét d6 t;, t;, t,. Cho trudc nhiét >é / Rd
/ VA I

tr¢ riéng mdi 6ng R; = (R¢ + Ry )i, Vie(l,n), tl_Rl/ _tLR._/ t,R,
nhi¢t tré qua kénh 1a: Rgq = Ry3 + Rk + Ry, nhiét
do dat ty(h) = t,.

Can tinh nhiét d0 khong khi trong kénh ty, ton that nhiét riéng moi 6ng qQii» Qi

Hinh 2.14: Hé 6ng trong kénh

téng ton that nhiét qua kénh 1a Q.

2.6.2. Tinhnhiét d9 6n dinh ciia khong khi trong kénh t.

Qué trinh trao d6i nhiét cia moi chat va dat 1a: Nhiét tir moi chat trong cac dng
truyén vao khong khi trong kénh sau d6 truyén qua kénh ra dat. Do d6 qua trinh can

bang nhiét on dinh cho 1m dng kénh 1a:
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nott,
t Z:RiJrR
= R 0. Suyra:tg=-—1——X& li le )
i Kd ZRi_i_R
Kd

i=1 i

n t
2qik = qka hay Y -
i=1

ty Ik

2.6.3. Tinh céc ton thit nhiét.

2 A ‘A A s1s t.—t
Ton that nhi¢t qua Im ongila: : q; = IR

£ W/m.

Tén that nhiét qua éng i dai 11a: : Q;=Iq;, W

tk_tO

Tbn that nhiét qua Im kénh 1a: : q = Yq;= , W/m.

kd

Ton that nhiét qua kénh 1a: Q= Y. Q, = lth;tO.
n kd

Nhiét d0 mat trong tw; va mat ngoai tw, cua kénh dugc tinh theo phuong trinh
can bang nhiét:

tw, —t, tw,—

t ., \
0 do dd co: tyr =ty + qiRg va ty; = to + qi( Rx + Ryg).
RK_Rd Rd

q =

Nhiét d6 mat ngoai 16p cach nhiét cuia dng thir i tim theo phuong trinh can bang nhiét:

t.—t t. -t R .
= : . A l < _)tci:ti_(ti_tk)—m9\v/1 E(l,n).
R, +R )1 R R, +R

Qi

ci ci a2

Truong nhi¢t d§ trong mat cit

ngang kénh c6 dang nhu hinh 2.15. (AR /f \\ /N
» 7NN Zp N
Chu y: t
. b
- Moi chat néng (t; > t;) va moi
. 1
chat lanh (t; < ty) khong di chung trong to ) %\ / \ y i3
tcl
mot kénh. o PAN AR U J
, , tw2 // \\
- BO tri cac ong trong kénh sao to
cho (t- t) hai 6ng canh nhau 13 bé 0 X
nhat. Hinh 2.15: Phén bo t trong dng va kénh

2.6.4. Vi du vé hé 2 6ng trong kénh ngam.
Tinh ty, Qi, Qi e twi, twa, Q ctia hé 2 éng o d.i/d; =300/100, MC1 = khoi néng t,
=250°C, do/d. = 150/50, MC2 = nuéc ndng t,= 180°C, vt liéu cach nhiét co A, = A, =
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0,025 W/mK, trong kénh c6 BxHxd = 600x400x200, sau h = 1000mm, A = 1,3W/mK,
dat co Aq = 1,8 W/mK, to = 30°C, kénh dai 1 = 100m.

Céc budc tinh hé 2 dng trong kénh:

1) Tinh nhiét tré R, Ryy; ¢

L 1 3
. 2.3,14.0,025

Rcl = In
2n A,

0 _ 7 m/w.
100

ln@ =7 mK/W.
50

d
! lnd—Cz !
d

2nA, -

R.,= N
< . 2.3,14.0,025

Lay o, = o3 = 11,6 W/m’K thi:

1 1

R == =
U nd e, 3,14.03.116

=0,092 mK/W.

1 1

R = =
“2 7 ndoa, 3,14.0,15.11,6

=0,183 mK/W.

2) Tinh d3, d4 va Ra3, RK, Rd:

_4f, 2BH 20,604

ds = =
u, B+H 0,6+04

=0,48m,

d4:

4f,  2(B+238)( +285 _ 2(0,6+2.0,2)(0,4+2.0,2)

Hy

1
Roc3 =

B+H+46

1

RK = !
2nA,

1 2h
In| —
d,

Ra= 2nA,

t)

nd,o,  3,14.048.11,6

In

d, _ 1 In

0,89

=0,89m
0,6 +0,4+4.0,2

=0,057mK/W

—4
d,

=0,076 mK/ W.

2.3,14.1,3 0,48

2.1

2 2
AL IR DS S R _1]=0,129 mK/ W,
d, 231418 | 0.89 L 089

3) Tinh tx ctia khong khi trong kénh:

ty

ty

k:

Rcl + RaZl

RcZ + Ra22

+
Ra3

+Ry +Ry

1

1

1

+ +
Rcl +Ra21 RcZ +Ra22 Rcaa +RK +Rd
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250 N 180 N 30
_ 740,092 7+0,183 0,057+0,076+0,129 _ 42’700
1 N 1 N 1
7+0,092 7+0,183 0,057+0,076 +0,129
4) Tinh q;;, Q:
q— b 2502427 oo g
' R,+R,, 7+0,092
ot _180-427 o

LT RLTR,, 710183

Q= 2qi = 29,2+19,1 = 48,3 W/m.
Q=1q =100.48,3 =4830 W.
5) Til’lh tcia twla tw2 .

R 7 0
ta =t — (t] — ) ——2—=250 - (250 42,7)————=454"C
1=t- k)RC] R, ( )7+o,092
R
to=tbh—(h—t)—=—= 77
T ey 7
N ANENYE
=180 — (180 —42,7) T _462°C 250/ 1
7+0,183 )
180{ 2 11
tw1 =to + QR tRy) = / \
=30 +48,3( 0,076 +0,129) = 39,9 °C. 4013 iy \
431 Ik
twz =to T qRq = 30‘3‘2 &Vl// N
=30+ 48,3.0,129 = 36,2 °C. K
0 X1 X2 X

Phan bd t(x) trong mat cat kénh co
dang nhu hinh 2.16.

2.7. Tinh ton that nhiét toan mang nhiét:

Hinh 2.16: Phén b t trong vi du 2.6.4

2.7.1. Ton thit nhiét trén mdt nhanh: Ton thit nhiét trén mot nhanh ong i

cung duong kinh d; 1a: hinh 2.17 i=2
=5 o7 |13
Qi = Qoi + Qci = ligy + Zleiqi i:|4 _N_®_N-L S
1, x.:” " li=e i=10
hay Q; = Lqu(1+ le ) = Liqi(1 + By), (W). - e T
| ‘ =
Véi: Ii: chidu dai éng th i, (m). E _i=ll

Hinh 2.17: Mang nhiét nhiéu nhanh
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qii: trao ddi nhiét trén 1m 6ng di, (W/m).
l.i: chiéu dai tuong duong vé ton that nhiét cua chi tiét canh, (m), sao cho
> A A A A 5 e LA 1 M A A R A A
liq;; bang ton that nhi¢t cuc b cua chi tiét B; = I—ZICi bang hé so trao doi nhiét cuc bd

cua nhanh 1, khi tinh tx so bd, cho phép léy Bi = (0,2+0,3), khi do6 coi B; = 0,25 va c6 Q;
= 1,25Liqu, (W).

B3 .
- %8 'Kyhi¢u | Loai chi tiét khong bdo on | Lg(m) |  Ghi cha
hi€u dai ton that z
chieu catton tha — Bich noi khong bao 6n 4+5 |Chon  tang
nhiét tuon
i £ M Van khong bao 6n 12 =24 | theo dién tich
duong 1; cia mot R 2. 4 en
) g i ua e —— Van bao 6n 75% 4+8 trao doi nhiét
so chi tiét phu: 5 45, is A s
- Goi da, gia treo. 5. 10 |ramoitruong

2.7.2. Téon thit nhi¢t toan mang la:
Q=Qs+Qc=2Q; = 21iq; +2Qci = 2leiqu(1+y).
Khi tinh so bo lay Q = 1,25 1qu, W.
2.7.3. Hiéu suitcach nhiét:
Pé danh gia hi€u qua cua 16p cach nhiét ta dung hi¢u suét cach nhiét M. dugc

dinh nghia la: n. = Q=Q. _ 1- %, %, trong do:

0 0
Qo: Ton that nhiét toan mang khi chua boc cach nhiét.
Q.: Tén that nhiét toan mang sau khi boc cach nhiét. Ro rang 0 <m. < 1 va n,

tang thi Q. giam nén hi¢u qua cach nhiét cao.

Tinh thiét ké chon n, = 0,85 + 0,95 hay n. = 0,9 ttrc 1a cho Q. = Q

10
2.7.4. Vi du tinh ton thit nhiét ciia mét nhanh trén mang cé:
d, 200 B B N SN S .
1100 W, = 0,1W/mK, 1 = 120m, mdichat c6 t; = 120°C, dat trong khong
khi ¢6 to =27°C, gi6 © = 3m/s, v6i 1 van, 2 gbi d5, | 7 [ I 7 [
3 bich khong bao 6n. Hinh 2.18
Hinh 2.18
A 1 d 1
Nhiét tré6 R, = In—+

A, d o oad (11,64 7Wo
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1,17 mK/W.

Heé s t6n that nhiét cuc bo p = %Znilci =$(18 +2.7+3,5)=039.
t—t  200-27
R, 117

Q= =156 W/m,Q = Iq,(1 + B) =26 kW.
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Chuong 3

TINH THUY LUC CHO MANG NHIET
3.1. Tinh chon dwong kinh dng.
3.1.1. Nhiém vu tinh thuy lwc cho mang nhiét: bao gom:
- X4c dinh duong kinh cac dng.
- Tinh t6n that 4p suat (hay ton that thuy luc).
- Tim phén b ap suat moi chat trén duong dng
- Kiém tra ap suat va luu lwong moi chat dén cac ho tiéu thu & cudi duong éng.
- Chon bom quat cho mang nhiét.
3.1.2. Tinh chon dwong kinh 6ng.
Viéc chon dudng kinh d cua dwa vao luu luong V(m’/s) hodc G(kg/s) khdi

luong riéng p(kg/m’) va van tdc w(m/s) cua timg loai moi chat theo quan hé sau:

G=pV =pof=
pmgd2 , do do: TT M&i chat o(m/s)
| | Chat long tw chay. 0,1+1
- \ G . .
d =2 o 2 7tp_c0 ) > | Chét léng trong dng hut cua bom. 0,8+2
. . Chét 16ng trong dng diy ciabom. | 1.5+2
(m) véi: o(m/s) 1a van toc 3 , & trong ong day et >+ 23
trung binh cia moi chét trong 4 | Chatkhi chay ty nhién. 2+4
éng, cho theo bang sau:Néu 5 | Khi trong 6ng day cua quat. 4+1,5
éng khong tron thi 14y dudng 6 | Khi trong 6ng day ctia may nén. 15+25
Af 7 | Hoi bao hoa. 15 +50
kinh tuvong duong d = —.
u 8 | Hoi qué nhiét. 30 + 75

3.2. Tinh sirc can thuy lwe:

Strc can thuy luc duoc do bang hiéu sb ap suat (hay ton that ap sut) Ap (N/m” =
Pa). Quan hé tinh ddi cac don vi ap sudt 1a: 1Pa = IN/m* = 10”bar = 0,987.10”° atm =
1,02.107 at = 0,102 mmH,0 (4°C).

3.2.1. Cac loai ton thit ap suit:

Ap suét toan phan can thiét dé khic phuc tat ca cac stc can thuy luc trong hé

thong 6ng dén, thiét bi, cia moi chat chdy dang nhiét 1a:
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Ap = Apy, + Ap. + Apy, + Ap,, + Ap; + Apy, trong do:

2
* APpm = A p(’z‘) .é, (N/m?) 1a 4p suat dé khic phuc tré lyc ma sat khi moi chét

chay 6n dinh trong ong thang, trong d6 1(m) chiéu dai ong, d(m) = i dudng kinh cia
u

po’
2

ong, M(KTN) 1a hé s6 ma sat, la dong nang dong chay.

* Ap, = &% = x%%ﬂ , (N/mz) la ap suét dé khac phuc tr¢ lyc cuc bd tai cac
chi tiét, voi & (KTN) 1a hé sb tré luc cuc bo, 1y (m) 1a chidu dai twong dwong, bang
chiéu dai 6ng thiang co tré lyc bang tré luc cuc bd cua chi tiét.

* Apy, = fgh (N/m®) 1a ap suit dé nang chat 1ong 1én cao hodc khéc phuc ap suat
thuy luc, véi p (kg/m’) khdi luong riéng chét 1ong, g = 9,81 m/s*, h(m) chiéu cao ning
chat long hodc cot chat long.

_ po’

* Apy, = (N/mz) la ap suét dong luc hoc, can dé tao dong ra khoi 6ng voi toe

do w(m/s).

* Apy (N/mz) la ap suat dé khic phuc tr¢ lyc trong thiét bi.

* Aps (N/m?) 12 4p suat bo sung & cudi dng dan khi can dua chat 16ng vao thiét bi
¢6 p > px hodc dé phun chat 1ong vao thiét bi, v.v...

3.2.2. H¢ s0 tré e ma sat A:

Noi chung A = f(R., d0 nham ¢ thanh 6ng).

« Khi chiy ting R, < 2320 (véi R, = 24209y » = A _AV_An g
Y 1) Re od «odp

v(m*/s), p(Ns/m”) 1a d6 nhét dong hoc, dong luc cua moi chét, A 1a hé sé KTN phu

thudc hinh dang mit cit ngang ong.d = il (m) 1a duong kinh twong dwong cua dng.
u

s+ Khi chiy qua do 2320 < R, < 4000 thi % = %:o,mm{ij“:

od

e
1

4
0,3 164.[%) la cong thirc thuc nghiém cua Brassius.
wdp
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* Khi chay roi R, > 4000 thi: M3t cit ong Hinh dang | A
%= (1.81gRe — 1,64)° Hinh tron 64
7 Hinh vuong. 57
khi 4000 < R, < 6(§j7 =
€ Hinh tam giac déu. 53
p= (114 +21g8y" Hinh vanh khin. 96
& Hinh chir nhat axb véi:
8 9
- -
khi6(gJ7<Re<220(gj8. 0.1 i
€ € 0,2 76
a
5 0,25 73
0,5 = 62
3.2.3. H¢ s6 tré lue cuc bd - &: xac dinh theo bang sau:
STT | Loai chi tiét Két ciu g
.z [
1 Vao ong %‘ =05
F 2
2 | Cohep PP =" 0’5( _FZJ
1
_ Y
— F,
A Cut vudng @ 1
déu ’
N\ - 1|15 | 25 | =5
5 | Cat cong 90° \\ d , ’ -
S £ 035 | 0,15 | 0,1 | 0
a a
6 | Cato=90° g =sin’3 "2,5sin’ 5
>~
2
7 | Van 14 chin F, _JL__:'% éz[ F_ 1J
[} 0,65F,
, \ F2
8 Cut vong T 0,5 1,0 2,0
~ 1
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khong déu 3 1,28 1,5 4,0
Phan nhanh | o ® N
9 TS e £ = 0,2 m3i nhanh
cowdéu | 0”7 N,
10 Té déu L'i £ = 0,3 mdi nhanh
11 Ong trich Aj\g £=0,7

D(mm) | 50 | 100 | 200 | 300 | 400 | 500

12 | Vongbu O i
e 171181202224 (26

po’
2

Ap.=¢& tinh theo ® = ® vao chi tiét

3.3. Phan b ap suit mdi chit trén dwong ong.
3.3.1. Phan bd ap suit moi chit trong ong tron.

Xét moi chat co luu lugng G(kg/s) do nhét v(m?/s) ap suat p;(N/m?®) chay vao

2
bng tron dudng kinh d. Ap suit méi chét tai x 1a p(x) = p1 - Apm VOi Apm = A "2"; X.
£ Ar 1A s A T A Ay o , _ T,
* Neu moi chat chay tang thi: A = R - od véi van toc o tinh theo G = pmzd
. O
hay sau khi thay o, p, v, A, Ap,, ta s€& dugc ham phan >
b6 ap suat nhu sau: Py
Py
2vAG
P(X):P1 —TX X
T o 1
Ap suét moi chat ra khoi éng dai 1 1a: Hinh 3.1: Phan bé 4p suit
MC trén dng tron
P=P,- 2“2‘?1,N/m2 .
T

- Néu ché d6 chay thay dbi thi tinh A, o theo cong thirc twong ng
3.3.2. Phan bd 4p suit moi chit trén dng cé Ap,.

Tai mdi chi tiét cuc bbd, ap sudt moi chat giam dot ngdét mot luong Apg; =

2
= p(;) . Do d6 phan bo ap suat, chang han trén ong c6 cac Ap,; nhu hinh v&, s& c6 dang:
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>

Py ] AP @
=

"

Hinh 3.2: Phan bd p(x) khi c6 Ap,

Ap suit moi chét ra khoi dng dai 1, ¢6 n chi tiét gay ton that cuc bo 1a:

2VAG Lo’ 2
)=p;- 1- —, (N/m").

3.4. Tinh chon bom quat cho mang nhiét:
3.4.1. Tinh chgn quat.
* D& 1am viéc 6n dinh voi chat khi c6 luu lugng thé tich V(m?/s), nhiét do vao

ty= 20°C, khi tong tré khang thuy luc 1a Y Ap thi 1iy ap suat H= 1,2XAp(N/m?) va tinh

cong suét quat theo: Ng= E( 293 j, W véin (0,5 +0,8) 1a hiéu suit quat.
n \tg +273

Néu tinh H theo (mmH,0) vi 1mmH,0 = 9,81 N/m” nén c6 thé tinh N béng

VH (293
kW) theo cong thirc: N, = —— ,(k W).
(W) theo cong thire: Ny 102n(tK+273J( )

* Cong suat dong co dién kéo quat 1a:
N
Nd =K a )
ncnd

Véi: mqla hiéu suat co - dién = 0,98.

1 khinbi tryuc tiép
0,98 ndi qua khép ndi
0,95 ndi qua dai thang
0,9 nbi qua dai det.

1. 12 hiéu suét truyén dong =

1,5 khiN, <0,5kW
1,3 N, e(05+1)kW
K: hé s0 khoi dong = 41,2 N, e (1+2)kW
1,15 N e@2+5kW
LI N_)SkW
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3.4.2. Tinh chon bom:

* P& bom duge luu luong thé tich V(m®/s) mot chat 1ong co khdi lwong riéng
p(kg/m3) dén d6 cao H(mH,0) véi H = 1,23 Ap (mH,0) cong suat bom la:

Chtr do photo nén bi mat nét

_ pgVH
1000n

V = 62 véi p, = 10°kg/m’.
Pa

* Cong suat dong co dién kéo bom la:

N
Ng=K—,véi K, n,, ngnhu trén.

ncnd
3.5. Vi du vé tinh thuy lwc chon bom. 1m R
Can cép V =10 m’/h, nuéc lanh t = 1°C === 4m
’ _ 3 3 \ X g A N =
c6 p = 10°’kg/m” cho 4 dan lanh dé diéu hoa ==l |,
khong khi cho 4 tang nha cao h = 4x4m, mdi dan N
lanh gébm 1 chum n = 20 dng song song dudng W ] WHE
kinh d, = 15mm, dai I = Im. - ==l |
C v oM !
Tinh chon duong Ong, ton that thuy luc, A
L 15m L |
chon bom. 1 14
3.5.1. Tinh chon dwong ong. Hinh 3.3: Mang ong nuée

* Puong 6ng chinh tir bom dén cac dan lanh ¢6 dudng kinh 1a : chon ®, = 3m/s.

= [V [ 210§ osum
mo,  \3600.3,14.3

* Cac éng ndivao dan lanh, chon w, = 1,5 m/s vo1 V, = iV =25 m’/h =

mg_J4wmm:0ﬁMm_

0,0007 m*/s, dwdng kinh la: d, = \/ =
3,14.1,5

o,

* Cac ong ra dan lanh nhu 0ng vao, cé d, = 0,024m, ong nudc ve binh trao doi

nhiét nhu 6ng sau bom, d; = 0,034m.
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3.5.2. Tinh cac ton that ap lwec.

Chon nhanh chinh tir bom qua van cip, qua dudng 6ng chinh, qua van diéu
chinh dan vao éng gdp vao, vao dng dan lanh, qua 6ng lanh, vao éng gop ra, vao ong
ra, chay tu nhién theo 6ng xudng, chay vao binh trao ddi nhiét.

* Cac ton that ma sat gom:

d,  3.0,034
1,789.10°°

- Trén 6ng chinh co6: R, = il = 57015 > 4000 do d6 hé sb ma sat

A = (1,81gRe- 1,64)% = (1,81g57015-1,64) = 0,021.

2 2

Tén thét dp suit Apye = APE 1 0,021 1000.3 (16+16) _ gg041N/m?,
2 4, 20,034

0,d, 150,024

1,789.10°°

- Trén nhanh 6ng dy: Ry = = 20123 > 4000 do d6 hé s6 ma

sat b, = (1,81gRe- 1,64)7 = (1,81g20123 - 1,64)> = 0,027.

2
o , I 1,5.
Tén that 4p suit Appe = 222212 — 00271000 L-1 4566 \/m?
d, 2.0,024
; . L. Vv 10 5 .3 A K
- Trong Ong dan lanh, v6i luu lugng V4 =— = ————=3,5.10-" m’/s, van toc
41 3600.4.20
chiy: o= Yo _ 4\/31 _ 4.3,5.10,52 02 ms,
f  md  3,14.0,015
Ry = 2 020015 661 230 5 chay thng: n = 2 =~ 0,039,
1,789.10 R, 1661
2| 1000.0,22.1 )
APt = Apms = M2~ 20,0392 0 = 52 N/m*
Po = APms =M 2.0,015

VY Apy = S Apmi = 88941+1266+52 = 90259 N/m”. Nudc chay trong cac dng ra
khéi dan lanh vé binh trao ddi nhiét 1a do thé nang, khong can tinh Apps 1.

* Cac ton that cuc bd gém :

2
-Qua2van,coiF=F,—> &= il -11=0,29 >
0,65F,

p® 1000.3°

2

2
— 2Ape; =265 =2.0,29. =2610 N/m>.

- Qua 3 t& déu, voi £=0,3 —>
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2 2
S 3Apg = 3622 ~30319903 _ 4650 Njm?.

2

- Qua 2 ct, véi £ = 0,15 —

2
100037 _ 1350 N/m”.

2
— 2Aps = 2@% ~2.0,15.

2
- Vao ong gdp vao cua dan lanh: voi § = [1 —F—lj =1-
2

=1125 N/m*.

2 2
gpO’ ) 100015

— Apes =
De4 >

- Vao éng lanh cta dan lanh: v6i £ =0,5 —>

2
po’ _ 51000.02

2
— Apes = =10 N/m?
Pes g 7 7

2
- Vao 6ng gop ra ctia gian lanh: & = (1 - EJ =1

1 1000.0,2°

2
— Apes =& p‘; = = 563 N/m”.
- Ra khoi dng gop ra: : v6i £=0,5 -
2 2
—> Aper = ap(’z’ = 0,5.1900-157 _ 563 \ym?2.

Ap. = Y Ap; = 9278 N/m’.
* TOn that ap suat dé nang 1én h = 4x4 = 16m la:
Ap, = pgh = 1000.9,81.16 = 156960 N/m”.
* Ton that ap suét dong luc chay ra binh trao ddi nhiét, véi ® = 3 m/s 1a:

_ pw’ B 1000.3°
2

Ape = 4500 N/m>.

Téng TKTL 13: Ap = Ap,, + Ape+ Apn+ Ape = 260997 N/m* = 2,61 mH,O.
3.5.3. Tinh chgn bom.

Cong suét bom ly tim N, = fg(\)/oH voim = 0,6, H = 1,2Ap = 1,2.26,6 = 31,92
n

1000.9,81.10.31,92 _145W hay N, = L2ApV _ 1,2.260997.10

mH,O - N, =
3600.1000.0,6 n 3600.0,6

=1450

W.
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N, —12 1,45
NNy 1.0,98

Chon dong co c6 N = 1,8 kW hoac 2 kW.

3.6. Tinh thiét ké quat ly tam.

3.6.1. Céc s liéu cho trwéc dé tinh thiét ké:

Luu luong thé tich khi V(m’/s).

Ap suat p(N/m?), nhiét d6 chat khi T (°K) cta khi, khdi lwong riéng p(kg/m’),

Cong suit dong co ctia bom 1a: Ny =K =1,78k W.

toc do goc cua roto w(rad/s), ap suat khi sau quat py, quy veé di€u kién ti€éu chuan 6 T, =

293 K, p.= 760 mmHg = 101330 N/m” la:

w2 () = (3 e

hay po=351,6-2.
pT

Tinh thiét ké quat dua vao céc thong s6 V, po, o.

3.6.2. Cac buéc tinh thiét ké quat ly tam:

1) Tinh hé sé quay nhanh, (14 s6 vong quay réto khi quat c¢6 luu lugng 1m’/s ap
suét 30 mmH,O dat hiéu suit cuc dai) theo cong thuec:

Ng= g v6i n: (vong /phut), g = 9,81m/s”.

(3]
WV _ (60‘°](9,81)i WV _yelV

( ]
g

Véi: w(rad/s), V(m’/s), po(N/m).
2) Tinh dudng kinh ctra htt Dy.

q

2 37
7t Py Py

1,65khin, =(20+55)

° 1,75khin, =(40+80)

1
D, = kO[XT véi ko= f(ng) = {

Puong kinh trong roto D; 1y D; = D,
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3) Tinh duong kinh ngoai D, cia 16 to c6 d6 rong khong ddi ( by = b = b) theo

{60 khi n, =(20+55) canh muc

A , D I
cong thirc: D, =k, 20 véik, = i
¢ e > 105 khi n, = (40+80) canh gat

N

4) Tinh d6 rong B cuia hop quat, ¢ miéng thdi vudng:
LAy tiét dién thdi bing tiét dién hut, tire: B> = %DOZ hay c6: B = DO\E (m).

5) Tinh chiéu rong khong ddi cta roto b:

Léy k x (tiét dién hat) = ( tiét dién vao roto), k%Dé —aD,b—>b=kPo
4

véik = 1,25+2,5 khi canh muc, ng = (20+55)
1,05+ 1,25 khi canh gat, nq = (40 + 80)

Chon k tang khi D, tang.

2
6) Tinh d0 m¢ cta hdp x04n oc:
Do mé hay khoang cach 16n nhat tir mép Roto dén vo dng thoi cta hop xodn 1a
A tinh theo:

90 khi canh muc, ng = (20+55)

anZ &
A=——=vo1K= o,
K 125 khi canh gat, ng = (40 = 80)

. A 0 A D
Budc xoan ctia hop xodna= — = ey
4 4K

7) Tinh cac ban kinh ctia v xoan oc theo:

D 2 2
r = (—zj —(ij +%=%(\/D§—a2+a),r2=r1+a, ;=1 +2a,1,=r +3a.

2 2

Céc kich thudce chinh ctua vé quat dai, cao rong la:
Dai: 1 =13, 14=2r; + 5a.

Cao:h=r; +r,=2r; +3a.

Rong: B =DO\/E.
4

8) Tinh sb canh quat: z = nﬁ

L sau do lam tron theo boi so cua 4 va 6 ( suy
2 M

\ o . A qns g D, +D D,-D
tur: bude canh trung binh = chi€u dai canh: E( L2 ) = [ 2| J

z 2 2
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9) Chon goc dit canh:
Goc vao By = (40 +80)".

(140 +160)"C khi canh gat, ng = (40+80)

Gocra B, = ,
(20+40)"C  khi canh muc, ng = (20 + 55)

10) Tinh cong suét quat.

V(m®/ .
n= (KW), Véi{ (m SZ) va hiéu suét quat

p
10007 ° p(N/m?)

0,55 +0,6 khi canh gat, ng = (40+-80)
0,6 +0,7 khi canh muc, ng = (20 + 55)

Cong suat dong co di¢n: Ny =K nhu muc 4.

NNy

3.6.3. Vi du vé tinh thiét ké quat:

Bai todn: can thiét ké ché tao 1 quat khéi néng co: V = 10.000m°/h = 2,78m’/s,
ap suét p =200 mmH,0 & t = 200°C, p = 0,748 kg/m’, téc dd quay o = 1450 v/phut =
152 rad/s.

Tinh d6i vé diéu kién tiéu chuén, ap suat quat 1a:

po=p(1’2](@j—2oo.9 81£I 1.2 I 293 j 1950 N/m?,
PAT ) Kni canh mid 45273045303
Vay céac thong sé can thiét cBedihgat ne = (40 + 80)

V =2,78m’/s
p, =1950N/m*
o =152rad/s

Céc budec tinh thiét ké nhu sau:

Buée , . .
. Tén thong so Cong thirc tinh S0 li¢u tinh Ket qua
tin
, mJ_ 152,/2,78 45,77
1 H¢ s6 quay nhanh B
po4 19504 €(20+55)
Duong kinh hit D, 1 1
2 | =duongkinh trong | D, =D, =k, (Xj3 1,65 (2,78j3 0,435 m
A o 152
roto




Puong kinh ngoai
3 Smng D, =k Do 60 %:435 0,570 m
roto M, 45,77
4 Rong hop quat B=D, |® 0,435 |34 0,386 m
4 4
5 Rong rdto b= k% 2,40:435 0,261 m
A= NeDo 45,77.0,57 0,290 m
6 Do md budce xodn K 20
1 1
=1 —.0,290
A=A 1 0,072 m
Bén kinh xodn P — 0,319 m
N7 S, -a" +a) %(0,072 057 0072
=1 +a 0,319 +0,072 0391 m
; L=, +a 0,391 + 0,072 0.463 m
L= +a 0,463 +0 072 0,535 m
_ 0,463 + 0,535
Dai hop I=1;+r 0,998 m
_ 0,319 + 0,535
Cao hop h=r+r 0,854 m
8 $6 cénh quat z=nDP2*D 14 95750435 1 o3 4 o4
D,-D, 0,570,435
o Géc vao B1 = (40 +80)". 60"
Goéc ra B, = (140 =+ 160)". 150°
Cong suat quat N - \'A 2,78.1950 9,86kWW
1 1000m 1000.0,55
10
N 9,86
: Ne=K 1098005 b e
Cong suat dong co MqNa 70
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h=854

Hinh 3.4: Quat khéi V = 10*m’/h, p = 200mmH,0, t = 200°C,
o = 152rad/s cho RJ Reynolds Tobacco Co, Ltd, Pa Ning

3.7. Tinh thoi gian chat 16ng chiy can thung.

3.7.1. Chit 16ng chay can thing tru

1) Phat biéu bai todn: Tinh thoi gian chat 1ong chay can binh try ban kinh ry, cao
h, qua 15 ban kinh r, tai ddy.

2) Lap cong thue tinh t:

- Van téc w(y) qua 1o khi muc 16ng cao y xac dinh theo phuwong trinh cén bang
< 1
ndng luong pgy =—po’ = o(y)=y2gy, [m/s]

- Luu lugng thé tich V(y) qua ro khi mirc 1ong y 1a
V(y) = o(y)ft,) = 7 2gy, [m's]
- Phuong trinh can bang thé tich sau dt 1a :

V(y) di=—f(r))dy = —nr/ dy=mr, \/2gy dt =

2 . 2 2
r dy r 2 T, 2 0
di=—| 1| === |dt=|1| |y "dy =[—1j —y
(roJ V2gy '([ (roj '}': L) 28 |h

= 4515s =1h15ph15s

2
3) Vidy: T:[ Im j 2x1m

0,0lm 9,81m/s’
3.7.2. Chay can binh ciu
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1) Phat biéu bai toan : Tinh thoi gian dé chit 1ong trong binh cau ban kinh r, chay
can qua 16 day ban kinh r,

2) Lap cong thirc tinh 1 : chon truc y qua tdm, ¢6 chiéu nhu -

- Van téc o(y) /2gy, luu luong qua 1o 14 : V(y)=mr? 2gy nhu trén .

- Phuong trrinh cén bang thé tich dV = Vdt = -f(y)dy véi :

fly) = mr’(y) =n(r’ —(y-1,)") =n(2,y*)

—fly)dy —n(2ry-— yz ) -1 12 30
=dt= = dy= (2r y© -y y
V(y) ity A28y 1) /28 ! )d

T

_ _1 [ 172 =32 _ _1 |:ﬂ 32 _g 5/2:|
= [di= @f@ny y ™ My = s 3y gy

2
0 Iy 2 Iy

2
_ L 2% 16(n F:T
r2f2g 150 150 ) Vg

2
3)Vidu: 1= 5( Im J M _ 34065 = 56phd6s.
15(0,0Im 9,81

2n

0

3.7.3. Tinh thoi gian chay can binh non.
1) Phat biéu bai toan : Cho nén ¢o (r; x h x 1) dung chét 16ng. Tinh thoi gian

chay can qua . -

2) Lap cong thirc :
- Van tbe w(y) 4/2gy, luu luong quaro 1 : V(y)=mnr, \/2gy

- Phuong trrinh can bang thé tich dV = Vdt = -f(y)dy = -nr’dy =

r Y —nr’) 17y’
dv = Vdrz—n[iyj dy =>dt= dy= !

= dy
V(y) h2r02,12gy

T 2 0 2
= Idrz%fy”dy =7, = l(r—lj /&

0 1oh° 428 % 5\, g

2
3) Vidy: 7,= o 2xL g3
5(0,0lm 9,81m/s

3.7.4. Chay can binh tam giac (nén up)

1) Phat biéu bai toan : Tim thoi gian dé chat 1ong chay hét qua 16 day nén ban

kinh ry, nén ¢o ry/ry x h. -
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2) Lap cong thirc :
- Van tbe w(y) 42gy, luu luong quaro 1 : V(y)=mnr; \/2gy
- Phurong trrinh can bang thé tich dV = Vdr = -f(y)dy
2
voi  f(y) = nr’(y) =nr12(1—% j
2 h

2
: r 2 I 8 (rY [2n
— [dr=_ 1 (y-l/Z__y1/2+ y3/2jdy:>T _oln
! ﬁv2g£ h h? boasln ) Ve

2
3)Vidy: t, = ﬁ[ Lm J 2X1 54085 = 40phss
15(0.01m ) 9.81ms

So sanh thoi gian chady can cia binh cau voi cac binh con lai khi cung ry, r; =h =

Bai tap : Cho binh kin c6 (dhh.dAnc.,) dung nudc co (pCpty) trong khong khi

¢ (tp0.). Tim ham t(t) ctia nude , tinh (P, tu, Tn, Q). NG

TS | GT TS GT

D | 02m n [2,5(HSAT)
h | 0,lm | ¢, | 120Mpa
he | 0,Im | tp=t; | 30°C

(]

d

0,002m | o 10W/m’K

P =(1000/1250/1500/1750/2000)

LG : 1) Tim t(t) theo Pdt=pVC dt +aF(t-t;)dr, bo qua du = p,F5C,dt =0

= t(r)=t, —(tm—to)exp[ Od; r] véi tm:tf+iF, F:nDh+2.?,/h§+(D/2)2=
o

pVC,

0,107m? .

T

v=Epph 2t
4

Tpehe _ 0,004m’.
4 3




2) Tinh 4p suét n6 binh theo p, ciia day con c6 coso =

- 40 -

C 2
2

b 2k (3—c)cosan(no,,) _ 2.1(0,002 - 0)0,707.(120.2,5)

b 0,707 1a :

=4,2Mpa = 42bar

" D+8+c 0,2+0,002 -0
Nhiét do MC khind Ia : t, = t(P,) = — 02012 535 _5500C,
12,031-InP,
3) Tinh ty, T, Q, theo t(t) = t(t, P) nhu bang sau :
Cac TS, cong thirc
1000W 1250W 1500W 1750W 2000W
tinh
P
th=te+ 965°C 1198°C 1432°C 1666°C 1899°C
PVC, | =ty 4763s = 3588s= 2910s = 2329s = 2109s =
T, = n
of t,-t, 791235 59f48s 48305 38495 359
_pVC,(t,—t,) | 26MW= | 26MW= | 26MW= | 26MW= | 26MW =
’ Ty 0,83kgTMT | 0,83kgTMT | 0,83kgTMT | 0,83kgTMT | 0,83kgTMT
GC : 1) Néu h = 0,2m thi F:nDh+2.% hl+(D/2)° =0,215m’ .
V:%D2h+ 2.%1)2 h? =0,00838m° = m = pV = 8,38kg
Khi d6 p,, t, nhu trén con t,, 1, Q, theo bang sau :
Cac TS, cong thirc
1000W 1250W 1500W 1750W | 2000W
tinh
P
to =t 4 495°C 611°C 728°C 844°C 960°C
mC,  t,-t, 10110s = 7753s = 6168s = 5133s= | 4398s
T, = n—— —
ofF t,-t, 2,9h 2,15h 1,7h 1,42h =1,2h
- mC,(t,-t,) 53MW =
' Ty 1,7kgTMT
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2) Néu thay h = 0,2m ; h, (duéi) = 0,05m, heiu wen = 0,1m, ddy & = 0,003m thi su

IS Az A - h .
c0 no xay ra & day con, vdi cosa = T° = 0,448, tai

39,7bar

n

_ 2.1(0,003-0)0,448.(120.2,5) _ , 9724Mpa =
0,2 +0,003— 0 ’

4026,12
12,031-1InP,

2
F:nDh+2.?,/h§+(D/2)2 # % =0,18m’

V:§D2h+ 2%D2 h? =0,00733m’ # 7,33kg H,0.

t, = ty(P,) = — 235 =247°C (cx 249°C). Khi d6 ¢

Cho tiép P = (1500/1750/2000/2250/2500) thi co:

Cac TS, cong thirc

1500W 1750W 2000W 2250W | 2500W
tinh
P

=t 863°C 1002°C 1141°C 1280°C | 1419°C

mC, =t —t,

1,=——In-2—C 1h27f 1h13f 1h3f 55f 49f
oF t -t

3) Pay tru va cau nd tai p, 1 : (tai 8 = 3mm)

2(8—-c)no.
p_ (6—c)no,, 2.2,5.120.0,003 _ 8.87Mpa = 88.7bar
D+d-c 0,2+0,003

_ 8h,(8—c)kzno,,  8.0,1.0,003.1.1.2,5.120

= =2 = 17,7Mpa = 177bar
“"D’+2h,(3-¢)  02°+2.0,1.0,003

4026,12

=222 235 =352°C (cx 354°C)
12,031-1In177

n

Chuong 4
PHAN BO NHIET PQ VA CHUYEN PHA CUA MOI CHAT TRONG ONG.

4.1. Phan b6 nhiét @9 ciia moi chat khong doi pha trong ong tron.
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4.1.1. Bai toan: Xét duong 6ng co nhiét tro R, dai | dAn moi chit ¢ luu luong
G(kg/s), nhiét dung riéng C,, nhiét d6 vao 6ng t;, dat trong moéi truong nhiét do t.

Tinh nhiét d6 ra t, va ton that nhiét Q.

4.1.2. Tinh gin ding nhiét do ra t,.

Phuong trinh can béng nhiét khi 6n dinh nhiét c6 dang:

(D6 giam entanpi, Al) = (T6n that nhiét qua 6ng, Q), hay:

t—t,

GCy(ti-tp) = 1 v6i gia thiét gan dung rang luat giam nhiét d6 moi cht trong

1

6ng 1a tuyén tinh thi t= %(t1 +t,). Do do6 gidi phuong trinh: GCy(t)-t;) =

2R, GC_ -1}t +2It
L(—tl th —toj <& duge = PRIGG ~ 20ty ().
R, 2R,GC, +1

t

Khi d6 ¢6 Q = %1,(%.
1

4.1.3. Phan b6 nhiét d t(x) trong éng tron.

Phuong ttrinh cin bang nhiét cho it )
0
mdi chat trong doan 6ng (x + x + dx ) luc GGty . T._Rl X
6n dinh la: dI = 8Q. Hay - GC,dt = t\
t
t—t — L, n d
Ldx — de__—dx . Lay tich phan 0 I e
R, t—t, GC,R, —
0 X x+dx X

phuong trinh theo dx € (0 + x) twong Ung

Hinh 4.1: Phan b6 t(x) trong dng tron
dt e (tl -+ t)

¢ dt todx t—t, -X
J. =— —In
t—t, 3 GC,R,

4

h t(x) = to + (t; —t R
ay x)=ty+(t O)eXp[GCpRIJ

Phan bd c6 dang nhu hinh 4.1, véi lim t(x) =t,.

X —> 00

4.1.4. Nhiét do ciia moi chit ra khéi 6ng chinh xac la:

-1 0
th =ty + (t;- tp) ex , C.
2 =t + (ti- to) p(GCpRJ
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Tén thit nhiét qua 6ng chinh xac 1a:

-
Q = GCy(t; — t)= GC(t; — t) [1 —e ot ] , W.

4.1.5.Viduy 1:

Tinh chinh x4c nhiét do ra t, va Q cua 6ng tron co % = % , A =0,03W/mK, 1=

50m, moi chat 1a dau vao ng c6 t; = 120°C, G = 360kg/h = 0,1 kg/s, C, = 1,88 kJ/kgK,
dit trong khong khi c6 gié o = 3 m/s, nhiét do t, = 30°C.
1 d 1

1) Tinh R] = —n-—=

+ =5.29mK/W.
2t d  nd (11,6+7Vo)

—X

2) Phan bd t(x) =ty + (t; — to).¢ ““" = 30 + 90exp(- 0,001x). Nhiét do ra: t, = 30 +
90e "= 115,61 °C.
3) Ton that nhiét: Q = GC,(t, — t,) = 827,2 W.

Nhén xét: Néu tinh theo cong thirc gan dung thi:
(2R,GC, —1), +21t, _ (2.5,29.0,1.1880 - 50)120+2.50.30

t, = =115,586
2R,GC, +1 2.5.29.0,1.1880 + 50
sai 6 |- 128_ 0 0204
115,61
t—t - o
Q=-'""1= 12030 50 = 850,6W , sai sO |1 — 8506/ 2,8%.
R, 5.29 827.2

4.2. Phan b6 nhiét d MC mét pha trong dng c6 ton that thuy lwc Ap # 0.
4.2.1. P giam nhiét do do tiét lru.
Céc cong thire trén chua ké toi d6 giam nhiét do do tiét luu khi 4p sudt moi chat
giam trong 6ng dé thing tro khang thuy luc.

Néu trén doan dng co6 tong trd khang thuy luc bang Ap, thi khi p giam sinh ra do

giam nhiét do cua khi thuc At, xac dinh theo phuong trinh tiét luu: At = %Ap , trong
d6 co thé lay:
p, =(0,5—>1,5)Mpa

khi hoi ¢6
t, =(300+350)°C

khi (t,. p1) gan dudng x = 1
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(12+14).10° K/Pa

o (25+30).10"° K/Pa

4.2.2. Khi méi chit chay ting trong dng tron: ( Ap. = Ap, =0).
Theo 3.1) trd khang thuy luc tai doan dng (0 — x) 1a:

2 2yyA
Ap = Apy =220 x =1
R T I
b0 giam At do Ap gay ra la: At =

X phanbd nhiét do

moi chét trong dng 1a: t(x) = to + (t; — to) exp( -

2
j_ﬁkﬁx
GCR,) o 2d

—-X 2VAG | ot
=ty + (t; — to) exp(GC R J— e (—jx
p e

p
Phan bd 4p suit p(x) va nhiét do (b
t(x) ctia moi chat khi trong ong tron c6 dang Pl AP
nhu hinh 4.2. RS S
Khi méi chatchay qua do hoge roi I —
trong Ong tron thi lay A twong ung theo muc 0
2.2).

X

X
Hinh 4.2: Phan bo p(x), t(x)
trong ong don
4.2.3. Khi ¢6 tré luc cuc bg.

Khi trén doan dng ngang (Ap.h = 0)c6 cac trd khang cuc bd Apg;, thi ton that ap
luc la: t(x) =ty + (t; — ty) ex X —ﬁﬁ(xiJngj
o T EPIGE R, ) op 2a Md TR

1

M —— -
P1 P 1
L APy
t o PKX) T A
: tX) ( ) NP_I\_ Alel
T APCZ
t(x) 7 M AP
Atcz PZ
e N
to 2
0 Xel X X2 1

Hinh 4.3: Phén bd t(x), p(x) trong dng c6 Ap



- 45 -

4.2.4. Phan b6 nhiét d trong 16p cach nhiét trén dwong ong.
Goi t.(x) 1a nhiét do mat ngoai 16p cach nhiét cia duong 6ng c6 Ry =Ry =0 thi:

Phuong trinh c4n bang nhiét cho 1m dng tai mat cat x la:

(qu ttr MC ra MT) = (q; qua 16p CN) hay: t(Xl); ty _ t(X)I;tC(x) ’
! C

giai ra dugc te(x):  te(x) = [1—%) t(x) + %to hay:

1 1

tC(X):(I_%J {to +(t1 —to)exp - @p(Jf [7‘%*‘2‘;)}‘*‘&%

1 GC,R, ot 2 R,

Céc phan b t(x) ctia MC va te(x) trong 16p CN duge mé ta trén hinh 31.

4.2.5 Vi du vé phan bb t(x), tc(x) trén 6ng cé Ap..

Tim phan b t(x), te(x), t(1), te(l), Q trén duong dng dan hoi quéa nhiét c6 G =
6000kg/h, p; = 10 bar, t; = 300°C, C, = 1,92kJ/kgK, p = 3,88kg/m’, v =0,128.10"°m"/s
duodng 6ng c6 d./d = 150/100, .= 0,1W/mK, 1 = 100m c6 2 van c6 & = 0,3 dat trong
khong khi ¢6 ty = 30°C, » = 3m/s.

Giai: Tinh cac lugng Ry, o, A, R¢ trong cong thuc 2.4:

Re= e oL 1150 _ 6 casmiw

2, d 27201 100
R =R, + ! — 0,645 + ! 0734

LT R (11,64 W) 201516 4743
o 4G A0
apd’  3600.73.88.0.1

Re= 2o 701 45934375 > 4000

v 0128.10

— hé s6 ma sat 1=(1,81gRe—1,64)°= 0,03 = phan bd nhiét do:

—X

(X) = to + (t; — to) "% — 2t PO

a2 ("E +z§i)

3,88.54,7° (o,osx

—X

0,734A@A1920

t(x) = 30 + (300-30) e 0" 25107,

+2.0,3j

b
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t(x) =30 +270 ¢**1°"x_0,0435x + 0,087 =
= 270exp(-0,000426x) — 0,0435x + 0,087, °C

R R 0,645 0,645
te(X) = 1-—< [t(x)+—=5t, =
<) [ le(x) R, ° ( 0734]() 0,734 "

=0,12 t(x) + 26,4. °C = 32,4exp(-0,000462x) — 0,00522x + 3,6, °C
t, = t(1=100) = 284,5°C

Q=GGCp (t; - t,) = @192(300 284,5) = 49,6 kW

te(x = 0)=32,4 + 3,6 = 36"C, te(x = 100) = 34,1°C. o2

4.3. Su chuyén pha ciia MC trong dwong ong

4.3.1. M ta qua trinh (chuyén pha) ngung tu ciia MC trén dng

Khao sat hoi qua nhiét nhiét d6 t, c6 ap suét p, (img vdi ty; bdo hod) vao dng dat
trong moi truong co ty < t;. -

Trong doan 6ng (0 — x,), hoi qua nhiét (HQN) giam nhiét d6 do toa nhiét, tir t,
dén t, (p(x,)) theo luat phan bd néu & muc trén. Tai x, HQN dat nhiét d6 t, (bang ty khi
Ap =0 hodc bang ty(p(x,)) khi Ap # 0 ) va trd thanh hoi bao hoa khé (x = 1). Tai x, hoi
bét dau ngung tu.

- Trong doan éng (x, — xx) xdy ra su ngung tu hoi bdo hoa khé, tao ra hoi am
6 x giam tir 1 dén 0. Qua trinh ngung tu khi Ap =0 1 p = const = p; va t, = const = tj,
khi c6 Ap # 0 la p giam theo luét (3.) va do dé t; giam theo luat ty(p(x)), xac dinh theo
thuc nghiém bdi quan h¢ t; = t(p). Tai xy, toan bo hoi ngung tu thanh long so6i, c6 do
kho x =0, nhiét do ty(p(xn))

- Poan 6ng xn— D chét long s6i ha nhi¢t d6 thanh 1dng chua so6i tir ty(p(xn))
dén ty(1) theo luat phan bd néu & muyc 1 va 2 néi trén.

4.3.2. Xac dinh vi tri ngung tu, x,

* Khi Ap =0, phan bd nhiét do6 HQN trong ong 1a t (x) = t, + (t, —

_XC J do d6 tim duoc :

1 p

J ,tal X, cO tg =ty + (t; — tO)exp(R

to)exp ( = —X

1 p

t —
Xn = RIGCyIn—>, (m)

sl 0
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* Khi Ap = p; — p(Xs) # 0 thi t; = ty(p(x,)) va tai vi tri ngung tu X, co :

- X ot
ts )=t +(t -t L -
(p(xn)) =to + (t O)eXp(RlGCpJ P (p; —p(x,))
Khi d6 c6 thé xéac dinh x, theo phuong trinh :
Xa = RGC, In f (,;0 , (m)
t.(p(x,))—t, +%(p1 —p(x,))

Chang han, bang phuong phap lap, dé dang nhan thay Xpp < Xp

* Néu hoi bdo hoa kho x =1 (hodc hoi 4m x < 1) vao dng, thi vi tri ngung tu 1a dau
dng, tirc x, = 0.

4.3.3. Tinh chiéu dai ngung tu I,..

Trén doan dng ngung dai 1, = xy — Xy, c6 thé coi nhiét 6 MC khong ddi bang ty(khi Ap
nho) va phuong trinh CBN cho MC trong 1,, ¢6 dang :

G = L 1., voi r (J/kg) 1a nhi¢t hoa hoi hay ngung tu, G (kg/s) 1a luu lugng
1
MC trong dng. Do d6 tim duoc 1. = trGRt‘ , (m).
s Y0
Néu Ap dang ké, thi trong cong thirc trén coir = r p(xy) vaty=t, P(xy)
p(x,) p(x,)

Vi tri ngung hoan toan (ngung hét), lic x =014 :

XN =X+ 1, =RG [Cplntl_:(’ +t rt J , (m)
o s 0

4.3.4. Qua trinh hoa hoi ciia MC lanh trong dng

Khi MC lanh pha long (t;, py) vao 6ng nhén nhiét cia moéi truong nhiét do ty > t;
> t, thi ¢ thé coi qua trinh chay trong dng 13 dang ap p = const = p; va qua trinh hoa
hoi xdy ra nhu sau :

- Chét long dugc gia nhiét tur (t; — t;) trong doan (0 — X;) v0i X, tinh theo:
X, = RGCyIn EO :Il , (m), MC bét du s6i tai x,

0 s

- Qua trinh s6i v&i p =const, t; = const xay ra trong doan ong I = xg — X, Vo1 :

I = trGRtl ’ (m) va Xg = Xst ls- Tal Xs MC la hoi bdo hoa kho (XZI)
0=

S
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- Poan 6ng ¢6 x > xg MC & pha hoi duoc qua nhiét, c6 nhiét d6 tién dan dén t,
cua moi truong.
4.3.5. Tinh lwgng nwéc ngung.
Qua trinh ngung tu chi xay ra tai cac vi tri X véi x,, < x < xy theo phuong

t, —t,

trinh CBN : 1G,, = x, [W]. Do @6 khi HQN vao dng dai I bat ky thi lugng

1
0 khil<x,
&Y (1-x ), [kes] khi x, <l<x,

S

nudc ngungrala: G, =
1

G khilzx,
* Tuong tw, MC lanh pha 16ng vao 6ng dai 1 trong méi trudng nhiét do to > t,, s
0 khil<x,
L=ty (1-x,), [kg/s] khi x, <x<Xgq

tao ra lugng hoi béng Gy =
1

G khil>x,

4.3.6. Vi du vé tinh to4n su chuyén pha trén ong
Tim vi tri va luong nudc ngung tu, nhi¢t 4@ MC ra khoi 6ng dai 1 = 200m,

d, 150

C

100 A = 0,1W/mK, din hoi qua nhiét c6 théng sd vao dng 1a t; = 250°C, p; = 8

bar (co6 ty = 17OOC) , G=0,2kg/s, C, = 1,9 kJ/kgK, r = 2048kJ/kg dat trong khong khi
c6 gi6 » = 5 m/s, nhiét do t, = 27°C.

Giai: 1) Tinh nhiét tr&

1 d 1 1 150 1

In—=

+ = In—+ = 0,723 mK/W
2nd. d wd (11,6 +7Ve0) 2m.0,1 100 70,15(11,6 +7/5

RIZ

2) V1 tri ngung tu la:

t1_to

250 -2
X =RGCln- 2027

=0,723.0,2.19001n 122m
170

s 0
3) Do dai ngung toan phan 1a

GR .0,2. , .
tOR, _ 2043000.02.0.723 2071m > 1 do d6 luong nudc ngung

R 170 — 27

t, —t
S 1_
e iy,)

1

1

170 - 27

= S (200-122) = 0,00753 kg/shay
2048000.0,723

G, <G, bz"mg: G, =

G, =27,1kg/h.
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4) Vi ra khoi dng 1a hoi bao hoa & p = const = p; (coi ton that ap suit Ap = 0)
nén nhiét d6 hoi ra 1a: t(1) = t, = 170°C.



