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Muc dich mon hOc

Mon hoc gitp cho sinh vién cé kha nang:

»Nam dudc nhiing kién thlic co ban vé
qua trinh truyén nhiét clia mot s6 qua trinh
trong nganh céng nghé hda hoc.

»>Hiéu biét, nam viing nguyén Iy lam
viéc; cau tao, tinh toan thiét bj truyén nhiét.



MOt sO khai niém cO ban
*Nhiét d6 la gi: 12 dai lugng vat 1y, dic
trung cho mUc d6 ndéng cUa nhiét, 1a théng
sO 1am c0 s& d€ so sanh, danh gid mUc do
nong cUa vat nay va vat khéc.
"Pon vi nhiét do:
- B0 Celcius, ky kiéu - t(°C)
- DO kenvin, ky hiéu - T(K).
"MOi liéen hé: T =1t + 273
Va AT = At




MOt sO khai niém cO ban
"Nhiét dung riéng:C(J/kg.d0) or
(cal/kg.dd)

La n}liét luong tda ra hay thu vao dé€ 1kg
vat chat bién thién 1 do.

+ 1cal = 4,186J

+ 1J = 0,24cal

+ 1kcal = 1000cal

+ 1kJ = 1000J

"KhOi lugng riéng: 1a khéi lugng cua 1
don vi thé tich, p (kg/m3).




_____________________________ MOt sO khdi niem cOban_____

"Ap suat: 1a dai luong vat ly, bi€u thi cho luc
tac dung vuong goc 1én 1 don vi dién tich.

+ Pa = N/m? = kg/m.s?

+ lat = 760mmHg ~ 10mH,0 — dp suat khi
quyén

=" Ap sudt chan khong: Cho biét ap suat trong hé
thOng thap hon ap suat khi quyén

+P, =P, ~P, >0

+P, =P, —qu <0

"Ap sudt du: Cho biét 4p sudt trong hé thoOng
cao hon 4p suat khi quyén:

+P, . =P.-P, >0 )




MOt sO khai niém co ban

"Mt sO don vi do theo hé tiéu chudn SI

-Kich thudc hinh hoc (chiéu dai, chiéu
rOng, chiéu cao, duong kinh....):

>Mét (m)

»Thoi gian: Gidy (s)

»Khoi luong: Kilogam (kg)
»Nhiét lugng: J = N.m = kg.m?/s?
»(Cong suat: W = J/s







Tam quan trong cUa truyén nhiét

»Truyén nhiét la linh vyc quan trong, khong
th€ thiéu trong cong nghlep san xuat, cling
nhu trong dOi sOng xa hoi.

»Trong nganh CNHH, cic qué trinh (vat ly,
hoa hoc, sinh hoc) mubn xdy ra c6 hiéu qud
can phadi c6 diéu kién xac dinh (nhiét dO, ap
sudt, luong chat, thoi gian.....)




Chuong 1 - Truyén nhiét

Qua trinh
truy€n nhiét

Truyén nhiét
khong On
dinh

Truyén nhiét
On dinh

Nhiét do
thay doi




Chuong 1 - Truyén nhiét

Qua trinh truyén nhiét
v La qué trinh mOt chiéu
v Truyén tU noi nhiét dO cao — nhiét d6 thap
v'TU vat ndy sang vat khac, tU khong gian nay sang khong

gian khac
Qua trinh
truyén nhiét

5 Ddi luu Birc xa




1.1. Dan nhiét
1.1.1. Khai niem
1.Dan nhiét 13 gi: 13 qud trinh truyén nhiét U
phan tU nay dén phan tU khac khi chung ti€p xic vOi
nhau va c6 nhiét d0 khac nhau.
ThuOng dién ra trong vat ran
2. Trudng nhiét do 1a gi: la tap hdp tat ca cac gla

tri nhiét do trong vat thé hoac moi trudng tai mot
thOi diém At nao do.

Ta ciing c6: Trudng nhiét d0 On dinh
t = 1(x,y,z)
Truong nhiét d6 khong On dinh




Chuong 1 - Truyén nhiét

1.1.1. Khai niem
3.Mat dang nhiét: 13 tap hdp cac diém cé cling
nhiét d0 & mOt thoi di€ém Tt xac dinh
t+ At t

Khong dan nhiét trén 1 Khong cat
mat dang nhiét nhau




Chuong 1 - Truyén nhiét
1.1.1. Khai niem

Chiéu dong nhiét

4.Gradient nhiét d0: 1a mUc do dO bién thién nhiét d6 &
mOt di€m cho trudc cla vat th€, bang dO bién thién nhiét dO
trén mOt don vi chiéu dai theo phuong phap tuy€n cla mat
dang nhiét

Gradt =1 °(Av An) = dvdn (d6/m)

— ~ — N X N 2
...................... AL eI LI O IO DI =2 IR IO AT I 0 LIl 1 =1 .0 A V0 12 T T T I T I T I T I T I T I I T T T T T
- - . . - =
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Pinh luat dan nhiét Fourier
Theo Fourier, nhiét lugng truy€n qua mat déng nhiét ty
1& gradt, dién tich bé mat dang nhiét va thoi gian.
Biéu thlc: Q’ = - A.gradt.F.t (J)
Truyén nhiét 6n dinh nén khéng phu thuOc thdi gian.
Khido: Q=Q’/t = - Agradt.F (W)
Trong do: Q: nhiét lugng (W = J/s)
gradt: Gradient nhiét d0 (d6/m)
F: Dién tich mat dang nhiét (m?)
A: hé sO dan nhiét hay dO0 dan nhiét
(w/m.do)

A

TITTITTIIIIITIIT = — SO IO Sy IE — ) —— ‘
‘ m:::n:nmnln::nf:n:un: . T




Do dan nhiet
VPO dan nhiét (hé sO dan nhlet) la lugng nhiét tinh
bang J truyen di bang dan nhiét qua 1m? bé mat trong
thOi gian 1 gidy khi chénh lech nhlet do trén 1m chiéu dai
theo phuong phap tuyén clla mat dang nhiét 1a 1 d0

Ky hi€u: A — don vi do: (W/m.d0)

¥'Hé s0 dan nhiét la dai lugng dac trung cho kha nang
dan nhiét cla vat, phu thulc vao:

+ C8u tao vat chat
+ khOi lugng riéng
+ 4p suat, nhiét do cla vat...




Do dan nhiet
v }\rén > A > }\khi
v P0Oi voi vat ran dong chat, mOt cach gan
ding hé s6 dan nhiét dugc xac dinh nhu sau:
A= A (1+bi)
Trong do: A — dO0 dan nhiét & t°C
A, — d0 dan nhiét & 0°C
\ b — 1a hé sO nhiét d6 duoc xac dinh
bang thuc nghiém
t— nhiét do lam viéc (°C)

16ng




D6 dan nhiét cua mot so loai vat liéu

TT Tén chat » TT Tén chat )\
Wim.dé Wim.dé
01 Amiang vai 0,279 07 Nhom 211
02 Amiang soi 0,1115 08 Pong thanh 64
03 | Gachxaydung | 0,2325+0,28 | 09 Pong thau 03
04 Gach chiu Itra 1,005 10 Pong dé 384
05 | Gach cach nhiét 0,1395 11 Thép 46,5
06 Bong thuy tinh 0,0372 12 | Thép khong ri 17,5
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Chuong 1 - Truyén nhiét
1.1.2. Dan nhiét qua tuong phang
- Truong hop tuong phang 1 16p:

A
Q = g(fl — t,)F (W)




Dan nhiét qua tudng phang 1 16p

Vi du: TuOng phang 1 18p 1a gach thudng day
200mm, kich thudc 2000x3000mm. Nhiét dO 2 bén
tuOng lan luot 1a 600°C va 50°C. Biét hé sO dan
nhi€t cUa tuong la 20W/m.d6. Tinh nhiét luong
truyén qua tuong.

Huéng dan:

6 = 200mm = 0,2m; £xh = 2000x3000mm = 2X3m

t, = 600°C; t, = 50°C; A = 20W/m.dd

Dién tich: F = £xh = 2x3 = 6m?

Nhiét luong Q = (A / 8).(t, — t,).F

= (20/0,2).(600 — 50).6 = 330000W

= 330KW
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Chuong 1 - Truyén nhiét

- Truong hop tuong phéng nhiéu 16p

1
N é‘i (tl R tZ)F(W)

i:1,1_i
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1.1.3. Dan nhiét qua tuong Ong
- Truong hop tuong Ong 1 16p

21t

Q=737 (6, — t2) (W)
t, "
Trudng hgp r,/r, < 2 thita

c6 thé€ tinh theo tuOng

= 2
p L phad‘lg: %(fl — t,)F (W)

VGi: §=r1,—-1,
F = 2mnré

v r=(r, +r,)/2

24



Dan nhiét qua tuong Ong 1 16p

Vi du: MOt Ong truyén nhiét c6 dudng kinh
trong 50mm, ngodi 57mm. Hé sO dan nhiét thanh
Ong A = 50(W/m.d0). Tinh nhiét luong truyén qua
Ong, néu Ong c6 chi€u dai 10m, nhiét d0 vach trong
50°C va nhiét d0 vach ngoai 10°C .

Hudng dan: (phuong phap chinh xac)

d, = 50mm = 0,05m; d, = 57mm = 0,057m

t, = 50°C; t, = 10°C; A = 50W/m.dQ; £ = 10m

Nhiétluong: ¢ — 2’”['1“1 — t2)
Ilnﬁ
5]
~ 2m.10(50 — 10)

T ©7 = 959058 = 959KW

50150
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Dan nhi€t qua tudng Ong 1 16p
Phuong phap gan ding:
Vid,/d, =57/50 = 1,14 < 2: TUONG PHANG
Bé day: § = (d, — d,)/2

= (57 —50)/2 = 3,5mm = 0,0035m
Dién tich bé mat truyén nhiét: F =nd, ¢ ,
Véid, = (d, +d,)?2 = (57 + 50)/2 = 53,5mm
Nhiét luoig= é(tl —t,)F

= 50035 (50— 10)1,674

= 956571,4W = 956,57KW
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Chugng 1 - Truyén nhigt

- Tr'ong hop dan nhi€t qua tUong ong nhi€u




1.2. POi luu nhiét
1.2.1. Khai niém

1. Bol luu nhiét: 1a qua trinh truyen nhiét @ moi
truong luu chat khi luu chat chuyen dOng trong

khong gian tUr vung c6 nhiét d0 nay sang vung cé
nhiét dO khac .

2. Qua trinh trao doi nhiét bang doi luu goi 1a
qud trinh cap nhiét

3. Qua trinh cap nhiét; la qua | trinh Van chuyen
nhiét luong tU luu chat dén bé mat vat ran hay
ngugc lai




1200°C




Khong khi nong
ben trong Io
nung  khodng
1200°C
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Chuong 1 - Truyén nhiét

7

.

\

Poi lwu nhiét tw nhién

J

7

Poi lwu nhiét cudng biic
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1.2.2. Dinh luat cap nhiét

1. Pinh luat cap nhiét New ton:

Nhiét luong Q do dién tich bé mat F cla vat
thé c6 nhiét dd t, cap cho mdi trudng xung
quanh trong khodng thoi gian t ty 1& vdi
hiéu s6 nhiét d0 gilta vat th€ va moi
truong vOi F va t
Phudng trinh: Q’ = o.F.(t; — t, ).T (J)

Do khong phu thuOc thoOi gian nén

Q=Q’/ 1= aF.(t; — ty,) (W)

32



2. Hé sO cap nhiét: o=

Xq

o e
Fr(tr-tyg) Lm2do
Hé s6 cap nhiét o 1a luong
nhiét do moOt don vi bé mat
tudng cap cho méi trudng xung
quanh (hay nguac lai) nhan dugc
tr mo6i truOng xung quanh trong

mOt don vi thoOi gian khi hiéu s6
nhiét d0 1a mOt don vi

33



3.Vi_du: Cho tuOng phang cé kich thudc
4x6m, nhiét d0 bé mat tuOng la 100°C,
khong khi néng xung quanh c6 hé sO cap
nhiét a = 20 (W/m2.d0) va nhiét do la 120°C.
Tinh nhiét luong truyén duogc:

Hudng dan: TuOng 4x6m — F = 24m?

Nhiét d0 tuong t,. = 100°C

Nhiét d6 luu chat t, = 120°C

Hé s6 cap nhiét o = 20

(W/m2.d0)
Nhiét lugng:Q = aF(t,,— t;)=20.24.(120 — 100)



1.2.4. Pong dang nhiét

d Trong qua trinh truyén nhiét bang doi luu duoc
dac trung bang mot hé phuong trinh:

» Phuong trinh dong lién tuc

» Phuong trinh vi phan cap nhiét Fourie-Kirchoff

- rat phUc tap

==> Gidi cdc phuong trinh nay phdi dua vao cac thuyét
dong dang

d Dua vao cac phuong trinh vi phan ve cvé'p nhiét
va thuyet dong dang ta rit ra cac chuan sO dong
dang

=> rit ra dl,,l’(_)’c cac phuong trinh chuén sd cho qua
trinh cap nhiét v



0 2 hién tuong vat ly chi cé thé dong dang
vai nhau khi:

» Cung ban chat vat ly

> Cung dudc md ta bang phuang trinh hay hé
phuong trinh vi phan (ké ca diéu kién daon tri)

d Pbong dang cac hién tuong vat ly la dong

dang ve cac dai Iu’dng cung mo ta cho
hien tuong dé.

36



Chuong 1 - Truyén nhiét

0 Néu 1 hién tuong vat ly duoc bi€u dién
bang phuong trinh f(p, A, |, T, 1...) thi hién
tuong thtr 2 dong dang vGi no khi:

o _ . A _ Mo

— =0, - I’

o A, U,
i:Cr i:C
[, t, ‘

=> Cac chuan so6 dong dang

37



Chuong 1 - Truyén nhiét

- Khi 2 hién tuong vat Iy dong dang thi
cac chud@n sd dong dang bang nhau

d Chuan s6 dong dang la cac dai luong
khong co thtr nguyén

38



.2.4. Phuong trinh chud@n s vé cap nhiét

3 Chuan sO Nusselt

» Chuan sO Nusselt dac trung cho qud trinh
cap nhiét & bé mat phan gidi.

» Trong qua trinh truyén nhiét On dinh thi
luong nhiét truyén di do dan nhiét phai
bang luong nhiét truyén di do cap nhiét.

I: Pac trung hinh hoc
Ny = — a: hé s cap nhiét
A A: hé sO dan nhiét

39



d Chuan s6 Reynolds

» Pac trung cho truyén nhiét khi d6i luu
cudng bUc (tuong quan gilta luc y va luc
ma sat phan tU trong dong)

I: Pac trung hinh hoc
Re = wl _ p.wl w: van tOc cUa dong luu chat
v, UV d(? nh('?'t d(?ng hoc
l: dO nhGt dOng luc hOc
p: khoi luong riéng cla luu chat

40



d Chud@n s6 Prandtl
» Pac trung cho tinh chat vat 1y clUa moi

tFLI'(\)'Ilg C
V .
Pr=—=-° a
a A

C,: nhiét dung riéng cUa moi truOng

1: d0 nhdt ddng luc hoc cUa moi trudng
A: hé sO dan nhiét

a: hé s dan nhiét do

v: d6 nhOt dOng hoc

41



d Chudn s6 Galile

» Pac trung cho luc ma sat phan tU va trong
luc trong dong g.13

Ga =

V2

I: dac trung hinh hoc
g: gia tOc trong truong
v: d6 nhOt dOng hoc

42



3 Chudn s6 Grasshoff

» Pac trung cho truyén nhiét khi doéi luu tu
nhien g 13

Gr =Ga.[.At = 2 LAt

I: dac trung hinh hoc

g: gia tOc trong truong

v: d6 nhOt dOng hoc

B: hé sO dan nd thé tich

At: hiéu nhiét d6 gira bé mat truyén nhiét va dong

43



1.2.5. Cac cong thurc thu'c nghi€ém
veé cap nhiét

** Xem trong Giao trinh va s0 tay
QT&TB CNHH



1.3. Buc xa nhiét
1.3.1. Khai niém

1. Khai niém: trao d6i nhiét bang blc xa 1a
qud trinh trao d6i nhiét duoc thuc hién bang
séng dién tuU.

2. Tat cd cac vat th€é nhiét d0 cao hon 0(K)
déu phat ra nhiing tia ning luong dudi dang
tia bUc xa va lan truyén trong khong gian
xung quanh vat thé
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1.3.2. Cac dinh Tuat co ban vé buc xa
nhiét ]
Theo dinh luat bao toan nang luong thi:
Q=Q, + Q,+ Q
Chia 2 vé phuong trinh cho Q ta dugc:

46



. A =2, Kha ndng hé'[z
Q Q thu cUa vat thé
/QR _Qp Kha nang khic

Q 'xa cla vat thé
Q, Q Xa cUa vat thé
e A+R+D=1

Néu A=1 thi D=R=0, vat goi la vat den tuyét doi
Néu R=1 thi D=A=0, vat goi 1a vat trang tuyét
doi

Néu D=1 thi A=R=0 vAat c0i 13 vat trono <110t

47



Chuong 1 - Truyén nhiét

1.4. Truy@n nhiét phuc tap

1. Khai niém: qua trinh truyén nhiét tU luu
th€é ndy sang luu thé khac qua tuOng ngin
g0i 1a truyén nhiét phlc tap

7

Pang nhiét ]

Bién nhiét ]
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1.4.1. Truyen nhiét dang nhi€t qua tuong phang
va tuong Ong
- Trurong hop turong phang 1 10p

N

. | Qua trinh truyén

. : | nhiét tU luu thé
1 |
LT |

oy , néng (t;a,) t6i luu
T"‘ ~? N,
\tz thé nguOi (t;;a,) qua

I
I
: % tuOng gbm 3 giai
I
I

doan:

I%V///////////////////////ﬁ
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Truyén nhiét dang nhiét qua tuwong phang 1
lop

Giai doan 1: qua trinh
cap nhiét tU luu thé
néng dén tudng

Q Ql = al(t TI)F

| tZG1a1 doan 2: dan nhiét

| : qua tu‘Ong phang
| |

Q= Qg__(tTl -tro)F

inﬂV///////////////////////ﬁ
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Truyén nhiét dang nhiét qua tudng phang 1 16p

a,

Gial doan 3: qua trinh
cap nhiét tU tudng dén
luu thé ngudi

2 Q = Q3 = O‘z(th - tz)F
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Truyén nhiét dang nhiét qua tong phang 1
lop
Tu 3 phuong trinh ta dugc:
 (4h-t)F
QT T 5 1

D'.ll}blflz

Tadat: At=t, —t,
1

K= = H& s0 truyén nhiét
o %o, Donvi: W/(m?do)

) Q = K.F.At
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- Truong hop truyen nhiét dang nhi€t qua tuong

phang nhiéu 16p
Tuong tU ta cing duQc:
Q = KF At
Trong do: _ l W
£ 1 [m2d6]
— + Dt ll +— -

At=t1—t2
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- lruyen nmet dang nniet qua wong

ong N
- Trurong hop trong ong 1 1op:
Nhiét lugng truyén tU luu thé néng
. dén luu thé ngubi qua tudng Ong
Q = K2ndAt
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- Truong hop tuong 6ng nhiéu 106p:

Q=K2neAt At=t —t,




.4.2. Truye€n nhiét bién nhiét

Truyén nhiét bién nhiét

\ _/

On dinh

Khong 6n dinh
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1.4.2.1. Truy€n nhiét bi€n nhiét &n dinh

1. Chiéu chuyén dOng luu
thé

P 1 -
2 —

1 — 1
-

2

b e d)
Luu thé€ néng nhiét d6 gidmt,, —t,
Luu thé€ nguli c6 nhiét dd tang t,, —t,.
=== Hiéu s6 nhiét dd cUa hai Iuu thé thay
doi doc theo b€ mat truyén nhiét }



2. Hiéu sO nhiét d0 trung binh

~ Lugng nhiét luu thé néng truy€n
dén luu thé ngudi dugc tinh nhu sau

Q = KFAt,,
Atl _ At oy _AAtmin _ AtmaXA— Atmm
0g t t
2 31 mdx 1 mdx
SN At
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t.n

\”“
e

L

Lya

3. Truong hop chdy xudi chiéu

Atmax = tld o t2d
At i, = t1c o t2C

min

t
qu: ldi
1'zu:: t2d_> t_2c>
F= i t1c

Truong hop At /At <2,

ta 6 th€ tinh trung binh
C(’;‘)ng 59



4. TruOng hop chdy nguoc chiéu

L t
4
Y
tlc \ f1c th \ ﬂld
\ t1c | tZd
24 F= ' t2tT F= tZC | i
2 " tlc

AJ[1 = tld — 5 Atz = tlc o t2d

2¢?
Néu At, > At, — At = At ;At = At,
Néu At, < At, —» At =At, ;At = At
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5. Chon chiéu luu thé

<—_

< —
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Quy udc tinh toan qua trinh

JDong néng : 1

JDong lanh : 2

JLuu luong dong long 1la G
(kg/s)

HdLuu lugng dong haoi la D (kg/s)

JDong di vao la d

JdDong diralac
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Can bang nang luong
1.Trao do6i nhiét gilta 2 dong 16ng
Dong nong: t,_ <t
Nhiét lugng téara: Q, = G,C,(t,, — t,.) (W)
Dong lanh: t, > t,,

Nhiét lugng thu vao: Q, = G,C,(t,. —t,,) (W)
— B
Ql o QZ T Qtt
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Can bang ning luong
2. Trao d6i nhiét gita dong 10ng va dong hoi
Dong nong: hoi.
Dong lanh: 10ng.
Nhiét lugng tdara: Q, = D.r, = D,(i, — C,t,) (W)
Dong lanh: t, > t,,
Nhiét lugng thu vao: Q, = G,C,(t,. —t,,) (W)

Q=Q,+Q

:l' Qua trinh ngung tu




Can bang ning luong
2. Trao d6i nhiét gita dong 10ng va dong hoi
Dong néng: 10ng.
Dong lanh: 10ng - hoi.
Nhiét lugng tOa ra: Q, = G,C,(t,, — t, ) (W)
Dong lanh: héa hoi & nhiét d6 khong doi t,(°C)
Nhiét lugng thu vao: Q, = D.r, = D,(i, — C,t,) (W)

Q=Q+Q,

:l' Qua trinh hoa hoi




Can bang ning luong
3. Trao dOi nhiét gilta hai dong hoi
Dong néng: hoi ngung tu — 10ng.
Dong lanh: 10ng bay hoi.
Nhiét lugng téara: Q, = D,r, = D,(i, — C,t,) (W)

Nhiét lugng thu vao:Q, = D,r, = D,(i, — C,t,) (W)
Q=Q+Q,




“» MOt sO luu v khi chon chiéu luu thé
Khi 2 1uu thé xudi chiéuy, t, cla dong lanh
luén thap hon t_ cla dong nong.

Khi 2 luu thé ngudc chi€u, t, cla dong
lanh c6 th€ 16n hon hoac nhé hon t
cUa dong nong.

Khong bao gid nhiét dd cubi cla dong
lanh (t,.) cao hon nhiét d6 dau dong néng

(t0)

C
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Chuong 2:
DPun nong-Lam
nguOi-Ngung tu




Chuong 2 : bun néng - Lam nguli - Ngung tu

g YR AONG . 14 cic phuong phip dun
nong
a. NguOn nhiét

Nguon
nhiét

Kh01 10

=
Dong
Gian tiép Cfl‘ﬁitétta‘




Chuong 2 : Pun néng - Lam ngudi - Ngung tu

- Nhiét d0 dun néng va kha ning
diéu chinh nhiét do.

- D6 dbc va tinh hoat dOng hoa hoc.
- PO an toan khi dun néng.

- Ré tién va dé kiém.




Chuong 2 : Pun néng - Lam ngudi - Ngung tu

1. Hoi nudc bao hoa

“ Uu diém:

»  Luong nhiét cung cap 16n

»  Pun néng dugc dong déu

» Hé sb6 cap nhiét 16n (10.000 — 15.000
w/m?2.d0 )

»  De diéu chinh nhiét d6 dun néng

»  Van chuyén di xa
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

1. Hoi nud'c biao hoa
< Nhuoc di€ém:

»  Nhiét d0 dun néng han ché (t° ting — r
gidm), thuong st dung dé dun néng < 180°C

»  Phai c6 10 hoi tao ra hoi nudc bao hoa




Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2. Khoi lo

“ U diém:
Pun néng bang khoéi 10 c6 thé tao dudc
nhiét d6 cao hon 1000°C

* Nhugc diém:
Hé sO cap nhiét rat nhd khéng qua
100w/m2.dd

Nhiét dung thé tich nho
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Chuong 2 — Pun néng, lam ngudi, ngung tu

2. Khoi lo

“* Nhugc diém:

» HEé sO cap nhiét rat nhd khong qua
100w/m?2.d0

»  Nhiét dung thé€ tich nho

>  Pun noéng khong dugc dong déu

»  Khé diéu chinh nhiét d6

»  Thuong c6 bui va khi d6c cuUa nhién
liéu

>  T.uone oxv du va hiéu cudt than < R0%



Chuong 2 — Dun néng - Lam nguli - Ngung

Lo

3. Dong dién

< Uu diém:
Pun néng bang dong dién c6 th€ tao nhiét
do rat cao, 3200°C.

Dé diéu chinh nhiét d0 chinh xac
Hiéu suat truy€n nhiét cao, 95%
“* Nhuoc diém:
Thiét bi phlc tap
Gi4 thanh cao — chua dugc sU dung rOng rai
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4.

Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Chat tdi nhiét dac biét

Khi can dun néng nhiét d0 cao (> 180°C), ta s

>
>

dung chat tai nhiét:

Hoi qua nhiét

Chat 16ng c6 nhiét d0 s6i cao ma khong bi phan
huy

Cac dung m6i hUu co: Glycerin,diphenyl,
etediphenyl

Hon hop cac mudi va kim loai néng chdy

. Khi thai va chat 10ng thai
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.1.2. Pun néng bang hoi nudc truc

ol ﬁhdi i %,hm’
I, Yt
T T T T

[

== e g v ey W B B I O
e SEnEoe S e et A
ipaipsinliniesianianleniunie eCoprelcpalisppulyped eyl g iy . F
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc truc
tié :
I15(3n gian, cho phép pha loang va khong
c6 phan Ung xayra — thuong dun néng

nulc .

Lugng hoi nuOc can dung;:
Di+G,.C,t,, =D.C t, +G,.C,t, +Q..T
Di-D.C t, =G,C,t,. —G,C,t, +Q,..T
G,.C,.(t, —t,,)+Q, T

(i-C. t,.)

D =
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc gian
tiép
Chat 16ng can dun khong dugc phep pha
loang, thu‘dng trong cac thi€t bj Ong xoan,
Ong chum, vO 4o....
Lugng hoi nudc can dung:
D = G,Co(trc— tog)+ Qeet
i — Cptp

G, Cy (- Hhg)+

I

D_
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Chuong 2 : Bun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc gian
tiep

Hoi
bao
hoa di |,
gilla

khong
gian

cac

N

Ong
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc gian
tiép
# =, NUOclanhra

Hoi nudc bao e -
hoa s - . e NUGC
G N ngung

‘da

nUOc lanh vao*
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc gian
tiep

Lol

I
Hoi
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi nudc gian
tiép
dPE thiét bi trao dOi nhiét 1am
viéc hi€u qua, ta phdi thdo nudc
ngung ra lien tuc.
dThio nudc ngung, phai dam
bdao hoi nudc nudc bdo hoa khong bi
that thoat ra bén ngoai
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Thiét bi thao nudc ngung — phao kin

84



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Thiét bi thao nudc ngung — phao ho

e oY

/}3

7

5/ /4
| | L+ T=1—
— = ] 1
el iy it il gl O _—
— k= J- -
\C —/
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Thi€t bi thao nudc ngung — phao ho
L \=

hoi B

wy

=

\ 0,50
-
X
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.1.3. Pun néng bang khoi 1o

khéng khi

khéng khi

==

nhigén liény

- ‘
=

> ! |

Y

/ }

1 2

Hinh 2Z-4

o

Sd dd dun ndng bang khai 1o

khi thai

1- 1& dét, 2- phéng trén, 3- thi€t bi truyén nhigt, 4- quat
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang khéi 1o

20

——

N
W
NI
NN

AN

I

! o ﬁ
tMhign llﬂg

Hinh 2-5 Hinh 2-6
Sd dé 16 dng S0 dé 16 k€ ndl phdn ihg dun
115 d8t 2.phéng trén 3.quat d.cth Kkt vio néng bang khdi 16
5.phéng truyén nhiét 6 Sng truyén nkidt 7ot din kb thii, 1. néi phdnhg 2, 16 46t
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang khéi 1o

— > 4 __ —>
72 RN
A 4 |
| 1 Y
I théng khi h 5
= f
el | khoil
2 & !

= &=

1- thi€t bi dunnéng, 2- thi€t bi dunndng =2 bs,
\%/ 3- quat, 4- &ng din kh, 5- Sng ki thal, 6- khed digu chinh
Hinh 2-7 32 d38 dm néng ¢ tuin hodn khi thii

(
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.1.4. Pun néng bang dong dién

Pién ndng — Nhiét nang
1.0 dién cdm Ung

—— " .
.-

——
— ]
= — 4
- -
— R
el S
-

—
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang dong dién

Lo h6 quang dién:

"Nhiét d0 cao 1500 — 2500°C,
"Khé diéu chinh.

"Nhiét d0 khong dong déu,

"Lam noéng chay kim loai.
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang dong dién

Lo dién trd

"Lo dién trd truc tiép
"0 dién trd gian tiép

. b
?(I\ /2
S Tk
}‘ffffﬂ , =
7 -
5
7
“Js 5

/Wh%:ﬁ “‘“‘

iEIEE
i
|

LA
ALAAAA

SREAG]
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.1.5. MOt sO thiét bi trao dOi nhiét

Pun néng bang chat tai nhiét dac
biét

"Pun néng ddng déu nhiét dd cao (360 —
500°C)

*Pun néng dudc dong déu

*Diéu chinh dé dang

" An toan
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang chat tai nhiét dac
biét

KHi thai ,,/ﬁ\,, 3 3
2 ke 'a/\ﬂ T

-
| Mﬁ’//// |

Elll L
Nhién liéu % 4
1

Hinh 2-10
Hé thdng dun nong bing ddukhodng
1- thi€t bi dun ndng, 2- v& boc ngoal,
3- blnh gidn, 4- thong chna, 56,7 8- dng dan
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi qua nhiét

Uu di€m: khong
i tieu hao nang luQOng
dé tao nén dong

| tuan hoan
“f% 1 Nhuoc diem: tOc

| s | d0 dong tuan hoan
Mg ligyg thép . hiéu qué

—{]

IR truy é n Hhi é t kh 6 n g
Hinh 2-11 cao.

Enn ndng bing e gud nhi€t tudn hedn tr nkién
1.8ng trac d81 nkiét 2,18 d&t
3.5.8ng din chat Iéng tudn hodn 4.8ng xodn dun ndng 95



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Pun néng bang hoi qua nhiét

1
E hithas o
" —
3
p H he'n Lisu
—h +—
= &
—
o 7
=)

11

5 E:-i:] ] 10
1, thigt bi dun ndng, 2. 1& ddt, 3,5, van it, 4,4, van
a8y, 7,8, binh hodnxung, 9, bom, 10, thigt bi ldm
lanh, 11, van x4

Hinh ¥ 11

S dd dun ndng bang nutic gud nhiét tudn hodn
hodn culing byt
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu
2.2. Lam nguOi va ngung tu

Lam ngudi

Truc tiép Gian tiép

97



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.2.1. Lam nguOi truc tiép

Lam ngudi bang nudc da
JPhuong phép tu bay hoi
JLam ngudi khi
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu
2.2.2. Lam nguOi gian ti€p

dQua trinh truyén nhiét gilta chat can
lam nguli — chat 1am ngudi qua tuOng ngin
trong thiét bi

dTéac nhan 1am ngudi: nudc, khong khi

JLam ngudi nhiét dd 15 — 30°C, ta dung
chat tai nhiét c6 nhiét d0 thap

Lam ngubi: chon chiéu luu thé

99



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.2.3.

Ngung tu

dQuad trinh chuyén hoi — 10ng (c6 su bién

doi tra
C]

s6i 0 &

ng thai phase).

hat 18ng c6 nhiét d6 thap hon nhiét do

b suat xac dinh: 10ng qué lanh

dC

hat 16ng & nhiét d6 s6i: 10ng bao hoa

JHoi & nhiét d0 so6i: hoi bao hoa
JHOGi c6 nhiét dO 16n hon nhiét dO sbi: hoi
qua nhiét
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tu
v'Ngung tU gian ti€p: ngung tu bé mat
v'NgUng tU trUc ti€p: ngUng tuU trong
hon hop

101



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tU gian tiép

Qua4 trinh trao d6i nhiét gilra hoi nudc
b3o hoa va nudGc lanh qua tuOng ngan. HOi
nudc dugc ngung tu trén bé mat truyén
nhiét.

JHoi nudc bdo hoa va nudc lanh di
ngUgc chiéu nhau: hoi tU trén xuéng dudi,
nudc lanh di tu dudi léen. 102



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tu gian tiép

JdThuc té trong qua trinh ngung tu, con
dién ra qua trinh 1am ngudi. Ngung tu hoi
qua nhiét thanh 16ng qué lanh. Khi d6 tinh
todn truyén nhiét ta phdi tinh cho 3 qua
trinh sau:

v'Hoi qua nhiét — haoi bao hoa

v'Hoi bdo hoa — 10ng bdo hoa
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu
Ngung tu gian tiep

.!'!.E": e.i'
A~
e f
[
"”'ﬁ_ﬁ?_
|| T
] et I
H"ﬂ-t;-.:r )




Chuong 2 : Bun néng - Lam nguli - Ngung tu
Ngung tu gian tiep
A 'E‘f .ﬂ.f

i

et I
D,f“! 4 H H |- — — — — 4 — — -

I Tinh toan nhiét lugng:

»H0oi qui nhiét — hoi bdo hoa : qué

trinh 1am ngui hoi (nhiét d6 giam). Khi dé
Q; = DCyp(tya — tipn)
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tu gian tiép

I Tinh toan nhiét lugng:

»H0oi bdo hoa — 10ng bdo hoa: qud trinh
ngung tuU, co6 suU bi€én dOi trang thai; nhiét
d0 khong d6i. Khi d6 Oy = Dr
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu Nhiét dé_\)
giam

Ngung tU gian tiép

e

dTinh to4dn nhiét luong:

»1.0ng bdao hoa — 10ng qué lanh: qué
trinh 1dm ngudi, trang thai khong doi, nhiét
d0 gidm dan. Khi dé

Qum = D.Cyy (tyy — to)
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tu gian tiép
INhiét luong dong nong tOa ra:
Q =0 + Qp + Qy
INhiét luong dong nong tOa ra, 1am cho
dong lanh néng lén. Nhiét luong dong lanh
nhan vao: @5 = G065, — 6,

dCan bang ndng luong:
Q; = Q, + Qqy
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Ngung tU gian tiép

dTinh dién tich bé mat truyén nhiét:

F.=F,=F,
= Q; = Qpn
dTrong dé: K;Aty K> At,
I':H‘)II:[
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Chuong 2 — Pun néng, lam ngudi, ngung tu

Ngung tu truc tiép

UNguyén tac: phun nudc vao trong hoi.
Hoi ngung tu téa nhiét lam nudc néng dan.
Nudc ngung tu trOn lan v6i nudc 10ng
phun vao hoi

AThuong ngung tu hoi cla chat 16ng
khong c6 gi4 tri kinh té.

dNgung tu hoi cla chat 1dng khong tan

110
Ve



Chuong 2 — Pun néng, lam ngudi, ngung tu

Ngung tu truc tiép

dPéE ting hiéu qUa qda trinh - dién
tich bé mat ti€p xtc 16n:

»Cho nudc phun qua voi phun

»Cho chdy qua nhiéu tdm ngin cé 10
nho

dUu diém: niang sudt cao, cau tao don

gidn, dé dang chOng &n mon.
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Chuong 2 — Pun néng, lam ngudi, ngung tu

Ngung tu truc tiép

A Theo chiéu chuy€n dOng cUa luu thé:
»Thiét bi ngung tu xudi chiéu.

»Thiét bi ngung tu ngu'gc chiéu.

A Theo chiéu cao thiét bi:

»Thiét bi ngung tu loai thap.

»Thiét ngung tU loai cao.
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Chuong 2 — Bun noéng, lam nguOi, ngu‘ng tu
Thiét bi ngung tu truc tiép loai kho xuoi

chian
i g ki Ft £
»eén _ ] Muehe lanh
Nl Uu diém: thiét bl gon
e.
T | = g
winmg < - === - T - X 2 .
oNgIzIIIl N Nhuodc diem: nang
L - | suat nhO; nudc thao ra
— e con dudc dua di su

Thi€t bi nguhg ta loal khd xudi chignu, thdp dUng lal
1. thin thié€t bi'y 2, v&1 phung 3, bom Ly tim,

4, bdm ta kit lchl khéng ngung, 5. phao, 6, van,
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Chuong 2 : Bun néng - Lam ngu(:)i - Ngung tu )
Thiet bl ngung tu truc tiép loai kho ngudc chieu
— TBNT Baromet

Ehi kEhd'ng ngung 1heo
brm chin thing

Uu di€m: nudGc tu chdy
ra dudc - khong can
bom; ning sudt cao.
ThuoOng dugc dung trong
hé thOng cd6 dac nhiéu
_ 1 NAUoc di€m: thiét bi

t% céng kénh

g

Hei

Hinh 215
Thi&t bi ngung tu towe ti€p (bazdmen
1 thdn 2 t4m chin 3.bd phin tich giot 4 bom chin khéng

5 dng bazdmet G.o1fa ddn hoi nirde vio 7.oifa ddn nude lanh vio
114



Chuong 2 : Bun néng - Lam nguli - Ngung tu
Thiet bl ngung tu truc tiep loai UOt xuoi
chieu.

'

Hitco :
e

Loai  nay
thudng

dung trong
truong hop
khong thé

\?/ a__ . dét ong
e ngng baromet

Hinh 2-16 Hinh2-17
TH€t bi nguhe tu loal w8t xudl chién Tam chin hinh vién phin
1, Thin 2 hoa sen 3.tdm chdn dt difing kinh trong oda thi€t b

SN
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.2.4. Tinh toan thi€t bi ngung tu

JAp dung dinh luat bao toan nang lugng:

TOng ning Tong nang

luong vao luong ra

116



Chuong 2 : Pun néng - Lam ngudi - Ngung tu
Tinh toan luong nudc tudi vao thiét bi

Nang
lugng vao

lUQng ra

.-i:c,fr:,l".:'.-i:gc,:'.-zg

Hinh J-TIt

ThHi <t bl nguhg tua loal 13t x5 chién
1.Than 2. hoa s==n 3.tdm chin

117



Chuong 2 : Pun néng - Lam ngudi - Ngung tu
Tinh toan luong nudc tudi vao thié€t bi
JNang luong vao:
»HOi nuGc vao: Q, =Dxi
»Nudc lam nguli: Q, = G,C.t,,

Q,=Q, +Q,
JdNing luong ra: nuGc lam ngubi va nudc
ngung trOn lan nhau nén:
Qr = (D +G,)C,,t,c
UKhi tinh todn bO qua su tOn that ning
lugng, va xem nhu khong co khi khong ngung
Can bang niang luong: Q, = Q,
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu
Tinh toan lwong nudc tudi vao thiét bi

JLuong nudce 1am ngudi (nudc tudi):

G2: _ .,[ ) (Kg/S)

C4c kich thudc co ban cua TBNT (sinh
vién tham khao giao trinh):
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

2.3. Cau tao cac thi€t bi trao d6i nhiét
2.3.1. Cau tao cac thiét bi trao d6i nhiét gian
1i8mi vO boc (vO ao)

/ﬁf\
4= =3
I —
I7 — - ———— [ H
—H It — — — 7 2l =
. . . . . 1 |~ ]
P i e N 5
I | ] -
— == — = — ] 3 HE=——F
e =
R e S -
L+  ry

Hinh 2-18
ThHEt bi trac d81 nhEt KEu & boo
1.thin thi€t bi 2.+ boo ngodl 3.mat Hch

v



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai vO boc (vO ao)

Ha mutde bao hoa

MNutde ngung

LSOO NN

)
).

)

g

e

; A A o
a,bc- cic dang két e ora dng xodn vél vo

1vd thiét bi 2.8hg xodn

OOV NN

2
e

Hinh 2-19 THi#t b trao d&i nhiét o6 éne xodn bén neodl vo



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong gap khic

L
_ 1 _ .’d_/__'_,l
e —— . 1
| — E— )
| — -
o | I | E— :l?"l
=== =4
(o | E——| — L
Hinh £-20 LIVlI_II

Thi€t bi trao 361 nhiét dng gap kic
1. vd thi€t bi; 2, 6ng trao ddi nhiét; 3, gid 43 4, khiy Shg

Uu diém: cdu
tao don gidn, dé
ché tao.

Nhuo'c
di€m:cOng kénh,
tOn nhiéu vat liéu
ché tao, khé lam
sach phia trong
Ong.
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong xoan

II
]I [ |
i—
IR e 3
$¢0:1‘:3$$ 1
=1
" Egﬁiﬁﬁﬁ/\

=

S

. A A o
a) loal nhiéu éng xodn N,
b} loal mdt dng xodr

Hinh 7-21
Tt b trao d&i ntiét kiéu &hg xodn rudt gi
1%8 thigt b, 2, 8ng trao d& nhiét

Uu diém: ché tao
don gian, co thé lam
b‘é‘mg vat liéu chéng
an mon, dé kiém tra
va stra chira .

Nhuoc di€m: cong
kénh, hé sO truyén
nhiét nhO, khé lam
sach phia trong Ong,
tr@ luc 10n.
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong tuoi

Uu di€m:cdu tao don

gidn, dé quan sat, 1am

7 sach bén ngoai Ong, dé

stta chlfa thay thé.

® Thuong dung lam lanh

@ chat 16ng co tinh chat

| dn mon hoa cao.

Nhuoc di€m:Cong

mrdc lanh vao

—

s

¢

Lu thé ndng vao

Hirh2.22 kénh, luong nudc khong
THigt b trao 6 ntiét logi e duoc tudi déu trén toan

1, mang rudh; 2, 6ng truyén nhiét 3, khdy ndi; 4, mdng chnfa mide bé bé‘ mat 6Ilg
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong 10ng Ong

] 2 3
I
S o ,»_/ — _/ ______ niy Uu di€m: ché tao don
| j y gian, heé sO truyén
(4— ---------------------- = nhiét 16n.
\H'H‘"'T '''''''''''''''''''''' —l'ha\ Nhuo'c diém: COng
. ' )} kénh, tOn vat liéu ché
+Lﬂ_ '''''''''''''''''''' | tao, kho lam sach

; “ .& khodng trong gilta 2 Ong
Hinh 223 Thigt b troyén ntiét loal ((Sng 16ng dng))
1, 6ng wong, 2, Sng ngodi; 3, khiy ndi; 4, Gng ndi
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chim

Hinh 224

Thit bi trac dél nkiét kdén &hg chim
1thin, 2.+ 8ng, 3.8ng truyén nkidt, 4. ddy thiét b
5.mat Hch, 6,bu ldng, 7.tal 43, 8.vinh bt giinnd

Aﬂ_i_p- e

L

I II III v

Hinh 225 Lap datdngtrén vi dng
I, II. Mong; IO, Han; IV, MN&i bdng dém

L o o,
I HEHEAE )
T e =Y AT

ST T ITOT
D I§I

At I LI

DTN T T

S [EHHT L
R L

L
fhihiﬁihﬁ
pHoHEHCHG

P b W O it

B EE RN g
cx:x:xr\r\f\r}

e e

13 2 3

Hinh 2-26 Cdch x£p &ng trong thi€t bi truyén nkist
1.x€p éng theo hinh lue gide, 2.x2p theo hinh vudng
3.xEp theo hinh trén




Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chim

- w Uu di€m:cau tao
B gon, chac chan, t6n
Th- it kim loai, dé lam
sach phia trong Ong
trU thi€t bi hinh ch(r
Whuoe  di€ém:Khé
ch€ tao bang vat
liéu khoéng deéo va
Dlgidhpaotd  Oedibipdin c?lofianzchﬁu han dUGC nhu (gang
o 5 T 0 e s ik i hodc thép silic..)

27



N

Chuong 2 : Pun nong - Lam nguOi - Ngung tu

um

h

i,\

Loa

ong c

:-H:w
L.
i
54
)
T
=

Hudi

__h___“__ S

&t

HiEt b truyEn nkd

Hinh 2-31 Cdutac ofa din hal 48t vdo t

MLUIC N

Hinh 2-30 Cautao cdc loal ot thdo mids ngithe
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Chuong 2 : Pun nong - Lam nguOi - Ngung tu

um

h

i Ong c

Loa

1T

"4
e e e e ke

11
b}

Himh 2 -29

. sl boime 45 ohest chis ngan 1eong
B 1hiEl biime 45 nhidt chia ngan ngods

al
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chum

Sholl ports avellable in NPT, Gensrous entrance doms

Tubes roller expandsd and flush SAE or threaded O-ring - -
with tube sheets Holes are drilked designs. Hubs can be notated Eﬂ?:‘ajﬁml — ; ﬂuw: T :::r:p
and reamed. Seal welding available in 07 i e s

an some modeks

Tubes available in copper,
admiralty, copper-nickel stain- .
less stes] or s pecial meaberials

-t hatfles provide mini- Shells are available in brass
i es Tor controlled Thre. ar 316 stainkss stesl
Neature collaned design

NE Support

One, Two or Four Pass

Models ane avedable. Models avaiabie in straight

ard fixed or remrovaibls
U-tube designs.
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chim

tube-side

Straight-tube heat exchanger shell-side  fluid in

(two pass tube-sicde) fluid in ﬂ
tube =heet tube bundle with ﬂ
straight tubes J

4 I 1 [+
—— = —— =5
Il _& E m
P : 3 pAEE

—
==

=5t = %g
~1 [t i T ;:] r

baffles

shell-side 1 - 2

fluid aut

ﬂ \ / shell tube sheet

ém

tube-side
fluid out



Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chim

Straight-tube heat exchanger nglel_lés_ide
g i

(one pass tube-side)
tube sheet tube bundle with ﬂ tube sheet
straight tubes
v I ] [
= =0 =
= = —
& — T
=l — =
b —r fau]
= = =
'_ =5 3
1 O L "]
\ / shell
ﬁ ﬂ baffles
tub i shell-side : h i
dboe-side . dboe-side
fluid in 419 out fluid out

6ng chum nguoc chiéu 1 - 1
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong chum

—r— T

Mt s thigt bi truyén nhiét loai ng chim nam ngang
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

v

Compensator Mantle Pipes

J /

Hznpers

¢m1

6ng chum nguoc chiéu 1-
1
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu
Truyén nhi€t bi€én nhiét 6n dinh

i

Compensator Mantle Pipes Fipewall

/

/

Hangers

#m

Ong chiim xuéi chiéu 1-1
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai tam

Hinh 2-32. Thiét bi trao d&i nhiét loai tam
Uu di€m: Cau tao gon nhe; hé sO truyén nhiét
Mimroc di€m:Khé ghép kin, nén khong lam viéc 4p
suat cao.
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai hinh xoan Oc

a
\ﬁ B4
I tﬁll
4 10
1+

L A

2
ReR

"t-h,_l?‘l-‘pr L drl‘-: Rk : ul J‘
[k o ll-.ﬁ"‘ll“ e 4}\ "1.[ "'t:" ;-"PT'

Hinh? 33 Thi€t bi truyén nhidt loal xodn 8¢

1,2, tdtm kdm loal; 3, tim ngdny 4, ndp; 5,6,7,8, &ng ndl; 9, mat bich,
10, dém; 11, thanh ghép kin

Uu di€m: Thiét bj gon
nhe; tOc dO truyén nhiét
16n, tré luc nho hon Ong
chum

Nhuoc di€m: Cau
tao phUc tap, kho sUa
ch(ra, khong lam viéc
ap suat cao hon 6at
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Chuong 2 : Pun néng - Lam ngudi - Ngung tu

Loai Ong c6 canh tan nhiét

*II* L

-

by loal gdnngang

|
R —

lllh
e __._:_:'.-"'-"-' - e
- .-.__.-In'1"-—H:'_.-
'EJ"I I"u-'lll ‘W?I I

c) loal gdn hinh Kim

Hinh 7-34 Thiét bi trac déi nhidt ldéu ng b gdn
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2.4. Tinh toan qua trinh dun nong va lam
nguOi gian doan

2.4.1. Bun néng trong thi€t bj vo boc hay
Ong xoan






NOi dung:

»Khdi niém

»Phan loai

»Co dac mOt nOi

»Co dac nhiéu noi

» MOt sO thiét bi c¢o dac




)

(@ )
)(O-
@]
o)

(@ )
i

c
g=
)
(O

=
o




d Pinh nghia: ¢6 dac la qua trinh lam tang
nOng do cau tU trong dung dich bang cach
tach mOt phan dung méi & nhiét dO sbi
dudi tac dung cUa nhiét.

d Dung méi tach ra trong qua trinh co6 dac

goi la hoi thu



Ung dung

dLam ting nOng dO cua chat tan trong
dung dich.

dTach chat ran hoa tan & dang ran (két
tinh).

dTach dung méi & dang nguyén chat
(nudc cat).




Phan loai co dac

JPhan loai theo thiét bi ¢d dac
» Co dac mot noi.

» Co dac nhiéu noi.




Phan loai co dac

JPhan loai theo cach thuc hoat
dong
» Hoat dOng gian doan

» Hoat dong lién tuc




Phan loai co dac

JPhan loai theo ap suat lam viéc
» Co dac ap suat thap.
» Co dac ap suat thuong.

» C6 dac ap suat cao.




Tinh chat vat ly cia dung dich

INhiét hoa tan

ANhiét dO séi cla dung dich




Nhiét hoa tan

[ Khi hoa tan chat ran vao dung moi xay ra
2 qua trinh sau day:

v Pha vO mang ludi tinh th€ cla chat hoa
tan: thu nhiét - Q,,,

v Qua trinh solvate héa: t0a nhiét - Q,

Nhi€t hoa tan: Q. = Q.+ + Qqy



Nhiét do sé6i cua dung dich

cung diéu kién: t_, >t
1 Nhiét dO sé6i dung dich ting khi nOng dO
chat tan ting.
Pat A’ =t — t, : ton that nhiét dd soi do
nOng do
J Nhiét d0 soi cua dung dich con phu

thudc vao d0 sau cuUa dung dich trong



3.2. Co dac 1 noi

3.2.1. C6 dac mOt ndi lam viéc gian doan:

Wl




Dung dich




3.2.3. Tinh toan can bang vat liéu va
nhiét luong trong c6 dac mot noi

[ Can bang vat chat:

> G, Luu luong dung dich vao ndi (nhap liéu)

(kg/s).
» G_: Luu luong dung dich cudi (sdn pham)
(kg/s).

» W: Luu luong hoi thtr tach ra (kg/s)

> x,: nong do phan khoi luong clia dung dich
dau (nhap liéu) (kg/kgdd).

> x_: nOng d0 phan khoi luong cla dung dich
cudi (<An nham) (ko/kedd)






d Phuong trinh can bang vat chat:
G, =G_+W
1 Phuong trinh bao toan khoi luong chat tan:
Gd Xd — chc

d Luong hoi thtr tach ra:

w =G, {— =g, [ X
XC' XC'

—G. X =ne X —x
 Xa Xa




[ Can bang niang luong:
> C, nhiét dung riéng cuUa dung dich dau

(J/kg.do0)
> C_: nhiét dung riéng cla dung dich cu0i
(J/kg.dd)

> t,: nhiét dO cUa dung dich dau (vao noi)
> t_: nhiét d0 cla dung dich cui (sdn pham)
> D: luong hoi dot can s



[ Can bang niang luong:

> i : ham nhiét cUa hoi dot (J/kg).

> i..: ham nhi@t cGia hoi th (J/kg).

> C_: nhiét dung riéng cUa nudc ngung tu
(J/kg.do)

» C_: nhiét dung riéng clla dung moi ngung tu
(J/kg.do)

> t = 0: nhiét d0 cUa hoi dot bang nhiét do
cUa nud'c ngung tu

> Q,: nhiét luong tén that ra moéi trudng

S a TN



I

Hinh 3-2 Thi<t bl & dac m St ndi




 Nhiét vao:

> do dung dich dau: G,C,t, (W)
> do hoi dot: D.iy, (W)

 Nhiét ra:

» hoi tho mang ra: W.i, (W)

» nuwoc ngung tu: DC t. (W)

> san phAm mang ra: G .C.t. (W)
> nhiét ton that: Q,, (W)

Phuong trinh:
G,C;t;+Di,=GC_t. +DCt +Wi, +0),



ANéu dung dich dau dugc dun néng
dén nhiét do cu0i t_ thi nhiét luong
do dung dich dau mang vao la: G,Ct
(W)

JINhiét luvong dau ra:

»Co6 W kg dung moi bi tach ra: WC_t_
(W)

»>San pham mang ra: G C t_(W)

dCan bang: G,C,t =G C.t + WC_t

C







?.3 1. [S:é th%?gcco acn 1'el}1(12(]51 Xuoi

chiéu
Mhafc lanh f"q-.




3.3.2. Hé thong c6 dac nhi€éu ndi nguoc
Chiéu Mude lanh :=

Hinh 2-4
ThiZt bi c& dac nhifu ndi ngude chifu




Co6 dac nhi@u noi

Dung dich I
Lt |
Ihade
—=h R R

Hdi D6t jMﬂﬂE_ LS = - = =
S ——

San phiam

San phdam

Hinh -5
C& dac nhifu ndi song song



3.3.3. Tinh toan can bang vat liéu va nhiét luong
trong c6 dac nhi€u nodi

Tuong tU nhu can bang trong hé c6 dac mot noi:
[ Phuong trinh can bang vat chat:
G, =G, +W
[ Phuong trinh bao toan khoi luong chat tan:
Gd Xd = GCXC
4 Luong hoi thtr tach ra: -
] e = i
e =4 =] —=4
B ~FEe B F




3 4. Cau tao cac thiét bi co dac

3.4.1. Thiét bi c¢6 dac c6 Ong 5
tuan hoan trung tam

dung dich vdo /I

.

hoi dEtL'_'_'_ T

—{
M
ﬁf’ﬂ_

_V_ l nurdc nmrng
Sdn pham



Hai @t /ﬁi} T {{\ =an phim

/E_
3
_-"---'f'_'_
dung dich vao y

iE 4 Mude noing,
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D | E||— uim T X
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/ Sdnphdm




Thi€t bi co } ]
dac c6 budng AT
dot ngoai
nam ngang L

dung dich EE>
I —




3.4.3. Thiét bj cd dac loai mang

2

P

/;‘;3,. e

~ Sdn phdm

Hcoi d81t

5
e
4
e
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dung dich

| Mu'de ngung,
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4.1. Khai niém veé két tinh

Két tinh 1a qua trinh tach chat ran hoa tan trong dung dich, 1a mOt trong
nh(rng phuong phap chl y€u d€ thu dugc chat ran & dang nguyén
chat.

K&t tinh cac chat hoa tan trong dung dich dua vao d0 hoa tan han ché
cUa chat ran. Dung dich ch(fa lugng chat hoa tan 16n nhat & mOt nhiét
d0 nhat dinh goi 1a dung dich bdo hoa & nhiét d6 d6. Dung dich qua bao
hao khong bén va chat hoa tan thUra s& dugc tach ra khoi dung dich.

Nudc con lai sau khi tach tinh th€ goi 1a nudc cai. Cac tinh thé dugc
tach ra khoi nudc cai bang phuong phép lang, 10c, ly tdm ...



4.2. Cac phuong phap két tinh

Trong cong nghé két tinh c6 th€ chia phuong phap két
tinh thanh hai cach sau:

- K@t tinh c6 tdch mOt phan dung mdi (cd dac)

- Keét tinh khong tach dung mdi.(l1am lanh dung dich)

Qua trinh két tinh c6 th€ 1a 1am viéc gian doan hay lién
tuc. Qua trinh gién doan c6 nhiing nhugc di€ém: thi€t bi cong
kénh, tOn nhiéu lao dOng, tinh thé khong déu. Qua trinh két
tinh lien tuc duQc u‘ng dung rong rdi va phO bién trong cong
nghiép. Nang suat cla qua trinh lién tuc cao va kich thudc
tinh thé thu dugc déu dan.




4.3. Tinh toan qua trinh két tinh

Tinh todn qua trinh két tinh bao gbm thié€t 1ap can bang vat liéu va can
bang nhiét luong clia qua trinh d€ xac dinh ning suat thi€t bi (luong
tinh th€ ) va lugng nhiét can cung cap hay can 1ay di cla qu trinh.

G, =G, +G; +w
G, x,=G6G, X, +G; X

G,,G,,G, - lugng dung dich dau, nudc céi va tinh thé, (kg) ;

W - Luong dung mdi hay hai, (kg );
G (X —X )+W.X

X37%o

G,=



Gl Cltl +G3q3:GZ C2 t2 +GS C3t2+W'i+Q+Qm

Trong dé lugng nhiét vao :

-Do dung dich dau G, C, t,
-Do két tinh G, q,

Lugong nhiét di ra

-Do nudc céi G, C, t,

-Do tinh thé G, C, t,

-Do bay hai w.i

-Do chat lam lanh 13y di Q

-Do mat ra xung quanh Q_






5.1. Trang thai khong khi

PO am tuyét dOi cla khoéng khi: luong hoi
nudc cha trong 1m? khong khi am-p, (kg/m?)

P06 am tuong doi cla khong khi(dd bao hoa hoi

nudc): ty s6 gilta luong hoi nudc trong 1m3
khong khi am véi lugng hoi nudc trong 1m?
khong khi da bao hoa hoi nudc (cung diéu
kién nhiét d0, 4p suat) - ¢ (kg/kg).




Ham am cUa khong khi dm: luong hoi nudc Enh tren

am
1kg khong khi kho c6 trong khong khi 8m - Y( r gk )

Nhiét lugng riéng cla khong khi dm: tOng nhiét luong riéng
cUa khong khi kho va hoi nudc cé trong khong khi am — H(kj/kg
kkk)

Nhiét d6 diém suong — t: nhiét dd gidi han cla qué trinh 1am
lanh khéng khi 8am cho dén khi bdo hoa v4i ham am khong doi.
Nhiét d6 bau uét — t,: nhiét d0 On dinh dat dugc khi lugng
nudc béc hoi vao khong khi chua bdo hoa ¢ di€u kién doan




»Khai niém co ban.

»Tac nhan lanh, chat tdi lanh, méi truong
lanh.

» Chu trinh 1am viéc cUa thié€t bi lanh.

»Tinh toan mOt sO dai luwong trong chu trinh.

> Ung dung ky thudt lanh.




5.2. Cac chu trinh lanh

Q1

Eom nhigt,

4 Qua trinh lam lanh: van

chuyén nhiét luong tur

moi truong coé nhiét do

thdp hon dén moi méy lam lanh

&

truvong cé nhiét do cao
m— - cung cap nang luong

tu bén ngoai




A .

LV

Chat méi gidi (moi chat lanh):

La chat trung gian, khong thé thi€u duoc trong
thiét bi lanh.

Chiing bién doi trang thai va truyén tdi ning
luong.

Trang thai: ran, 10ng khi hoac hoi

Hé sO lam lanh - €: ty sO gilta nhi€ét luong moi
cl}\at lanh. néla:r(jzugc tunguon lanh so vOi cong
dong cO'sin raiA‘ ‘Q1‘ -Q,




Khai niém cd ban

1 Nang suat lanh:

Nang suat lanh 1a luong nhiét ma hé thong
lanh c6 th€ nhé@n vao tU méi trudng can
lam lanh trong mot don vi thoi gian

bon vi: kw; kj/h; kcal/h




Tac nhan lanh

[ Nguyén tac ghi ky hiéu cla tac nhan lanh:

> POi voi hop chat hitu co:

' y N SO nguyén
SO nguyén tw SO nguyén  tir Flo
cacbon -1 tw hydro + 1

Refrigenrant

Vi du: R113 ¢6 cong thuc la C,F,Cl,



Tac nhan lanh

d Nguyén tac ghi ky hiéu cQa tac nhan lanh:

» Néu khong co6 flo trong cong thiic thi ghi “0”. Vi
du: CCl,: R10.

> Neéu x = 0 thi khong ghi, R12: CCLF,

> VOi dan xudt cla n-ankan, n€u cé thém Brom ghi
thém chlt “B” va sO nguyén ti Brom ngay sau chi
sO cla Flo. Vi du: CBrF,: R13B1

> V&i dong phan thém a,b,c,d d€ phan biét

> Cac olephin thém s0 1 trudc 3 chit s kia.

Vi du: C,F,: R1216

» Cac hop chat c6 vong thém chit “C” ngay sau “R”
vidu: C,F,.: RC318



Tac nhan lanh
[ Nguyén tac ghi ky hiéu cla tac nhan lanh:

> POi voi hop chat vo co:

L D

Refrigenrant l Khoi lwong phan

L v tlr cla chat
Chat thuoc vo
co’

»Vidu: NH,:R717 — Khong khi :R729 — CO, :R744.
»Neéu hai chat c6 cung khoi luong phan tr, thém
chit A dé ky hiéu. Vi du: CO,:R744 — N,0:R744A



Tac nhan lanh

1 Yéu cau cua tac nhan lanh:

>
>

YV V V V V

A\

Khéng dé chay nd, khong ddc hai

Bén hoa hoc trong di€u kién lam viéc, khéng an
mon kim loai, vat liéu

Miii , mau sac dac trung, khong dan dién

C6 kha nang hoa tan trong nud'c

C6 kha nang hoa tan dau béi tron

Ré tién, dé ki€m, dé van chuyén, bdo quan.

Hé s6 dan nhiét va hé sd téa nhiét doi luu cang
I6n cang tot

An nhiét héa hoi 16n



Tac nhan lanh

1 Yéu cau cua tac nhan lanh:

>

>

YV VY

YV VYV

Ap sudt ngung tu Ung vOi nhiét dOo méi truong
xung quanh khong qua cao

Ap suat boc hoi Ung vGi qua trinh sbi trong thiét
bi bay hoi khong nén nho qua.

Ning suat lanh riéng thé tich cang 16n cang tot

Hé sO dan nhiét, cap nhiét doi Iuu cang 16n cang
tot

Nhiét dung riéng O th€ 10ng nén cé gia tri nho
Nhiét do dong dac phdi thap hon nhiét do bay
hoi



Tac nhan lanh

d Pac tinh cla mOt sO tac nhan lanh thong
thuong
(Sinh vién tham khdo sach giao trinh)



Chat tai lanh

>

YV V V V V VY

1 Tailanh tr noi phat sinh t6i noi tiéu thu
d Trang thai: hoi (khi), 16ng, ran

d Khoéng cé su bién doi trang thai

[ Yéu cau chat tdi lanh

Nhiét dO0 dong bang thap

PO nhot nho

Nhiét dung riéng 16n

Kém an mon kim loai mau va kim loai den

Bén viing vé héa hoc trong di€u kién lam viéc
Khéng dOc, khong gay chay nd va it bat 1ra

Deé kiém, dé bao quan, ré ti€én va dé van hanh



O 00O NN O Ul & WIN =

Cac thiét bi trong hé thong lanh

. May nen

. Thiét bi ngung tu

. Thiét bi bay hoi

. Binh Tach dau

. Binh chtta dau

. Binh chUra cao ap

. Binh tach 10ng

. Binh trung gian

. Thi€t bi 10ng qua lanh



Cac thiét bi trong hé thong lanh

10. Thi€t bi hoi nhiét

11. Binh tach khi khong ngung
12. Phin loc va phin say

13. BOm

14. Quat

15. Van ti€t luu

16. Van, khoa

17. Van 1 chi€u va van an toan
18. Ap ké



May nén lanh

[ May nén lanh }

/\

[ May nén thé tich }

[May nén pltton

dao dong

~

May nén truot,

Con lac

/

quay

[ ay nén pitton } [Méy nén tuabin}

A

4 N
May nén truc vit,
May nén roto lan

[ May nén dong hoc }

g

ay nén Ejector}

A

MN roto tam truot
NG /

May nén tuabin
ly tam

A

May nén ejector
hoi




Chu trinh lam viéc cua may lanh
nén hoi 1 cap
dMay nén: hit hoi va nén hoi moi
chat lanh tu ap suat boc hoi lén
ap suat ngung tu (1 — 2)




Chu trinh lam viéc cua may lanh

loP nen hoi 1 cap %

Hinhk 4.4 Gian 46 1gP-i cia

may néen mot cap



> 1'-1: Qud nhiét hoi m6i chat (TNL): At =
, t.: nhiét d6 hoi modi chat vao mdy nén.
> 1 2 : Nén doan nhiét hoi méi chat tU ap suat
thap P, dén ép sudt cao P,, dang entropy.

>2 - 3: Lam ngudi dang ap hoi mdi chat tU trang
thai qua nhiét xubng trang thai bao hoa.

>3 - 4: Ngung tu moi chat dang 4p, dang nhiét.

>4 — 4’: Qua lanh méi chat 10ng dang ép.

>4 - 5: Qua trinh ti€t luu dang enthalpy & van
tiet luu.

»5 - 1: Qua trinh bay hoi trong dan bay hoi dang
ap va dang nhiét



5.3. Tinh toan cac thiét bi lanh

L Cong cung cap cho chu trinh:
A = G, (i, - i), kw
INhiét luong ma tac nhan lanh
nhan duoc khi qua binh boc hoi
(ndng suat lanh riéng khoi
luong)
9o = i1/ B is’ kj/ kg
UNang suat lanh cUa tac nhan
Q, = G, (i - i), kw
EINhiét tai cUa thié’t bi ngung tu
i, ), kw

JHeé so bmgﬁlﬂew&eﬂﬁ trinh

lgP

> 1

Hinh 4.7 Gian 46 lgP-1 cda may nén maot cﬁp



ONhiét dO ngung tu t_ phu thudc vao diéu kién
thoi tiét (nhi€t d bén ngoai) ma cu thé la phu
thuOc vao nhiét do trung binh clla chat lam mat

AN&u ngung tu bang khéng khi:

t =t, + 10°C

AN&u ngung tu bang nudc:

t =t + (5+ 7)°C

dThuc té khi tinh ning sudt lanh ta can phai
tinh dén cac tén that nhiét khac nhu: t&n that
do ngudn nhiét bén ngoai truyén vao, t6n that

do quat, dén,....QgT = (1,1 1,15)Q0



Ung dung trong cong nghiep thuc
pham
dC6 nhi€u nguyén nhan giy hu héng thuc pham,
trong dé cé 3 nguyén nhan chu yéu sau day:
> Do tac dung cla men cUa chinh thuc pham.
» Do vi sinh vat tur bén ngoai.

> Do dOc tO tiét ra tU cac loai vi sinh vat



thong lanh

(D>

5.4. Diéu khi€n cac hé

Khe lanh bea gusn

-tu'l-n"m&
! Fhﬂw Xe lanh ding ﬂmﬁm Quidy g ban ?'ﬂfim‘.'
: -18°C g.-.raﬂ #arn giadnh

=Tl

Hinh 4-8. Sor dd day chuyén lanh déing

: -

S TITITIT




ia:ng ga Frair,

i B p ’ = iz Aog va Lacolv
Jeia M Vang svs JSue kg Duomg oOogvélr G418 kfrsc.
T ] ] A -
| . s ! | | j
ﬁ%ﬁf Khudy Lac
k4 [E 35—
I - e
TEES Lt Ll i

Ml — === — —

Lanh déng Rot khuon Lam cofng BHong goi
v P 3 N s
= —glen— ol *-°
¥ 1

.
Fao gusn

= Hipk 4.9 Qui trinh s3n xuit kem cing nghiép



3 niE
T 5
ff!!'ﬂ}; g
g _ L =

Hink 4.71 So d6 ta lanh gia dinh
1—15c ;2 —éng -:i%.j.? . & — dan ngung |
4 — phin séiv loc ; 5 — dng mao | 6 — dan

hay hoi ; 7 — dng hodt
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Hiph £ 13 Cach bo tri b

: 4 = Dan bay hok

o1

t da kh

e san xua

P

: 3 = Mudc s

5 - Co ciu truyédn dong cia oo cfu Mc

]

1- Co cfu diy linh d& ; 2 - Miy khusfy



1 — cuc trong nha

2 — clra g1d vao

% — diu cam nhiét
4 — dtn bao higu
5 — bang digu khifn

& — div nai dién

7 — cira thai gié lanh

& —phin loc b

Y — cuc ngdal tréa
10 — cira g1 giai nhigt vao
11 — cra gid gial nhiét ra 2
12 — b1 day
13— gé

Hink 4.15 May diéu hoa 2 cuc
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