CHUONG 1: CAC KHAI NIEM CHUNG

1.1. PINH NGHIA VA PHAN LOAI CAC THIET BI TRAO POI NHIET.
1.1.1. Cac dinh nghia.

Thiét bi trao doi nhiét (TBTDN) 1a thiét bi trong d6 thuc hién sy trao ddi nhiét giita
chat can gia cong v6i chat mang nhiét hodc lanh.

Chat mang nhi¢t hodc lanh dugc goi chung 1a moi chét c6 nhiét do cao hon hodc thép
hon chét gia cong, dung dé nung néng hoic 1am ngudi chét gia cong.

Chét gia cong va moi chit thuong ¢ pha 1ong hodc hoi, goi chung 1a chét 1ong. Cac
chét nay c6 nhiét do khac nhau.

Dé phan biét mdi thong sd ¢ 1a cia chat 1ong néng hay chat long lanh, di vao hay ra
khoi thiét bi, nguoi ta quy udc:

- Dung chi s6 1 dé chi chat long néng: ¢;.

- Dung chi s6 2 dé chi chat 16ng néng: ¢,.

- Dung dau “’ ” dé chi thong sb vao thiét bi: ¢,'; ¢,'.

- Dung dau “” ” dé chi thong sb ra thiét bi: @,”; ¢,".

Vi du:
Clt, t,
S e e e
t, Clt,
- -

Hinh 1.1. So d6 khéi ciia TBTDN

1.1.2. Phan loai cac TBTDN.
1.1.2.1. Phén logi theo nguyén ly lam viéc ciia TBTDN.

1) TBTDN tiép xtic (hay hdn hop), 14 loai TBTDN trong d6 chét gia cong va moi chét
tiép xuc nhau, thyc hién ca qua trinh trao ddi nhiét va trao d6i chat, tao ra mot hdn hop. Vi
du binh gia nhiét nudc bang cach suc 1 dong hoi.

2) TBTDN hdi nhiét, 1a loai thiét bi TDN c6 mat trao doi nhiét duoc quay, khi tiép
xtic chat long 1 mat nhan nhiét, khi tiép xtic chat long 2 mat tod nhiét. Qua trinh TBN la
khong 6n dinh va trong mit trao d6i nhiét co sy dao dong nhiét. Vi du: bd siy khong khi

quay trong 10 hoi nha may nhiét dién.



3) TBTDN vach ngin, 14 loai TBTDN c6 vach rin ngin cach chit 1ong nong va chat
long lanh va 2 chat 1ong TDN theo kiéu truyén nhiét. Loai TBTDN véch ngin bao dam do
kin tuyét dbi giita hai chat, 1am cho chat gia cong duoc tinh khiét va vé sinh, an toan, do d6
duoc str dung rong rai trong moi cong nghé.

4) TBTDN kiéu dng nhiét, 1a loai TBTDN dung dng nhiét dé truyén tai nhiét tir chat
long néng dén chat 1ong lanh. M6i chat trong cac 6ng nhiét nhan nhiét tir chat long 1, sbi
va hod hoi thanh hoi bdo hoa kho, truyén dén ving tiép xuc chat 1ong 2, ngung thanh long
rdi quay vé ving nong dé lap lai chu trinh. Trong dng nhiét, moi chit sdi, ngung va chuyén
dong tuan hoan, tai 1 lwong nhiét 16n tir chét 1ong 1 dén chét long 2.

a. Binh gia nhiét hén hop b. Thiing gia nhiét khi hoi nhiét
c. Binh ngung ong nuée  d. Lo hoi ng nhiét
Hinh 1.2. Cac logi TBTDN phan theo nguyén ly lam viéc.
1.1.2.2. Phén loai TBTPN theo so do chuyén dong chit léng, véi loai TBTPN cé vich
ngan.

a. So dd song song cung chiéu.

b. So do song song nguoc chiéu.

c. So d6 song song doi chiéu.

d. So d6 giao nhau 1 lan.

e. So d6 giao nhau nhiéu lan.

Hinh 1.3. Cdc so do chuyén déng chdt long trong TBTDN.
1.1.2.3. Phan logi TBTDN theo thoi gian.
- Thudng phén ra 2 loai: Thiét bi lién tuc (vi du binh ngung, calorife) va thiét bi lam viéc
theo chu ky (ndi nau, thiét bi sdy theo mé).
1.1.2.4. Phan logi TBTDN theo cong dung.
- Thiét bi gia nhiét dung dé gia nhiét cho san pham (Vi du ndi nau, 16 hoi).
- Thiét bj 1am mét dé 1am nguoi san phdm dén nhiét d6 moi trudng (Vi du thap giai nhiét
nude, binh 1am mat dau)
- Thiét bi lanh dé ha nhiét do san pham dén nhiét d6 nhé hon moéi truong (Vi du ta cip
dong, tu lanh).
1.2. CAC YEU CAU KY THUAT CHUNG CHO MOQI TBTDN.
1.2.1. Cac yéu cau Ky thuat chung cho moi TBTPN.



Khi thiét ké ché tao hodc lua chon trang bi, cic TBTDN can dat cac yéu cau k¥ thuat

chinh sau day.

1) Hé s6 truyén nhiét k = (L + % + Lz] can phai 16n, dé ting cudng cong suit TDN
a, a

Q = kF Ar. Mudn ting k, can ting A, o, 0., nhat 1a ting min (o, o) va giam chiéu day &
ctia vach, khong lam véach nhiéu 16p.

2) Giam tr¢ khang thuy luc trén dong chay cic moi chat Ap,, Ap,, dé giam cong suét
bom quat p = ApV/n. Mudn vay can giam do nhét cua chat long, giam tdc do , giam céac
ton that cuc bd dén murc co thé.

3) Tang di¢n tich mat trao ddi nhiét, 1a mat c¢6 2 phia tiép xuc truc tiép chit long néng
va chét l6ng lanh dé tang cong suat Q = kF Ar.

4) Bao dam an toan tai ap suit va nhiét do lam viéc cao nhét va co tudi tho cao. Mudn
vay phai chon kim loai du bén & p, t 1am viéc, tinh toan d6 day & theo cac quy tic stic bén.

5) Bao dam d¢ kin gitra 2 chit 16ng voi nhau va voi méi truong bén ngoai, dé git do
tinh nhiét ciia san pham va vé sinh an toan cho méi truong.

6) Céu tao don gian, gon nhe, d& van chuyén, d& lip rap, van hanh, dé kiém tra, diéu
khién va dé vé sinh, bao dudng.

1.2.2. Cac nguyén tic luwa chon méi chat.

Moi chat 1a chat trung gian dung dé gia nhiét hay 1am lanh san pham trong TBTDN.
MBoi chit duge phan loai theo muc dich str dung (Mdi chét tai nhiét nhu hoi nuée, moi chat
tai lanh nhu dung dich NaCl, méi chét lanh nhu NH;), theo pha khi lam viéc (1 pha, 2 pha,
3 pha), theo nhi¢t d0 1am viéc Aty = (tmin + tmax) (nhi¢t do rit cao, cao, trung binh, thép, rat
thap).

Viéc Iya chon moi chit can dat cac yéu cau sau:

1) Chon méi chét ¢ P, C, A, rlon dé c6 d, k 16n nham tadng cuong trao ddi nhiét.

2) Chét c6 nhiét do nong chay t,., nhi€t do so1 t; va co pha thich hop vo1 Aty viee Va
ap sudt lam viéc.

3) Chét c6 do nhét v nhé dé giam Ap.
4) Chat khong gy chay nd, it doc hai, it an mon, khong chira tap chat (can, bui).



Nhi¢t do 1am viéc, dp suat lam viéc va kha ning trao doi nhiét cua 1 sO moi chat

thong dung dugc gidi thi¢u ¢ bang 1 va bang 2.

Bang 1 - Khoang nhiét do va dp sudt lam viéc cua cdc moi chat.

M&i chat ti ['C] piv tuyét doi [bar]
Khi H, > 273 <10
Khi O,, N,, khong khi >210 <200
Khi metal CH,4 -160 =+ -100 <40
Khi etal, etylen, freon -150 + -70 <40
Freon 12, 22, NH;, CO, =70+ 0 <15
Nudc mubi (dung dich NaCl) -50 + 0 <3
Freon 11,12, 113,114 -10+0 <3
Dau 0+215 <2
Nude H,0 0+ 374 1 +225
Hoi nudc 0 + 650 1 +300
Hon hop difenyl 260 + 350 1+6
Thuy ngan 350 + 500 1+9
Khéi néng 450 + 1000 <1
Chat rén (samot) =< 1500 <1
Plasma t° thap <3500 <1
Bdng 2 - Kha nang trao doi nhiét ciia cic méi chat.
. a [W/m’K]
Qua trinh TN Méi chat
Ol min Ol max

D6t nong hodc lam nguoi | Khi 1 60

Hoi qua nhiét 20 120

Dau 60 1.700

Nudc 200 10.000
S6i bot Chét 16ng hitu co 600 10.000




Nudce 6.000 50.000

Ngung mang Hoi chat hitu co 600 2.500
Ho1i nudce 5.000 20.000

1.2.3. Chon so d6 chuyén dong ciia 2 chat Iong.

Céc két qua thuc nghiém cho biét, hé so toa nhiét o khi dong chét 16ng cat ngang 6ng
16n hon, khi dong chay doc éng, a, > o, con tré khang thuy luc thi Ap, > Apy.

Qua phan tich, Berman cho biét:

1) V&i chat 1ong, khi Nu/Pr < 61 thi nén cho chay doc éng (uu tién nguoc chiéu, dao
chiéu).; khi Nu/Pr > 61 nén cho chay cit ngang 6ng (uu tién giao nhiéu lan).

2) Vi chat khi, khi Re e [4.10° + 4.10*] nén cho chay cit ngang 6ng.

1.2.4. Cac nguyén tic chon chit 16ng chay trong ong.

Khi can chon 1 chat 1ong cho di trong 6ng thi vu tién cho:

1) Chét 16ng c6 luu lugng thé tich V (m’/s) nho hon, dé giam van téc o = V/p, do d6
giam Ap va cong suat bom.

2) Chét 16ng c6 d6 nhét cao hon dé dé ting Ap lac bom.

3) Chét 1ong c6 (p, t) 16n dé vo thiét bi khong chiu (p, t) cao, thiét bi s& nhe va ré
hon.

4) Chat long doc hai, ban, gdy an mon, dé dé l1am kin, dé vé sinh va it ton vat liéu bi
an mon hoa chét.

1.2.5. Chon tdc d9 dong méi chit.

Khi tbc d6 o ting thi a, k ting, 1am TDN tét hon, nhung ciing 1am ting Ap va cong
suét tiéu hao cho bom quat. Do d6, cin chon mét van tdc hop 1y dé giam chi phi van hanh,
tang hiéu qua kinh té. Bai toan tdi wu cho biét, nén chon o hop 1y cho méi chit theo bang 3
sau day:

Bdng 3. Khoang gid tri hop Iy ciia vdn téc méi chat.

M&éi chat @y (M/5)
Chét 16ng c6 v nhé (H,0, glycol) 0.5+3
Chét long nhét cao (dau, dd NaCl) 0.2 +1
Khi + bui ¢ pi ( khoi, khi bui) 6+10
Khi sach & py ( khong khi ) 12+ 16




Khi nén & p > pi ( khi nén) 15+30
Hoi bao hoa 30+ 50
Hoi qua nhiét 30 +75
1.3. PHUONG TRINH CO BAN CUA TBTDHN.

Khi tinh toan céac thiét bi trao ddi nhiét, nguoi ta luon dua vao 2 phuong trinh sau
day goi la phuong trinh co ban cia TBTDN.
1.3.1. Phwrong trinh cin bing nhiét (CBN).

Phuong trinh c4n bang nhiét 1a phuong trinh mé ta dinh luat bao toan va bién hoa
nang luong cho TBTDN.
1.3.1.1. Phwong trinh cén bang nhiét tong quit.

Phuong trinh can bang nhiét tong quét lién hé cac hé sb entanpi ra vao thiét bi véi
nhiét truyén qua vo thiét bi ra moi trudng va bién thién ndi nang cua thiét bi:

(Hiéu entanpi ra — vao cta chit long 1) + (Hiéu entanpi ra- vao cua chat long 2) +
(Nhiét truyén qua vo thiét bj ra méi truong) + (Bién thién ndi ning cua thiét bi) = 0.

O dang tich phan, phuong trinh can bang nhiét tong quat ¢ dang:

YQ=(AL+AL+Q)r +AU=0,
Trong do:

ALy =Gy( i =il)=G,Cpi( #/ —t) <0, do chat long 1 toa nhiét.

AL, = Gy( i/ —=i)) = G,Cpy( ¢! —1,) >0, do chat long 2 thu nhiét.

Qi = XkiFi(7 - tp), [W] 1a nhiét truyén tir chat 16ng c6 nhiét ¢ ¢ qua cac dién tich F;
ctia vo thiét bj ra moi truong nhiét do tr. Véi thiét bi gia nhiét thuong co: ¢t > trnén Q>0
tirc moi truong nhan nhigt. Vi thiét bi lam lanh, thuong ¢t <tnén Qx <0 tlirc moi truong
toa nhiét vao thiét bi.

7 [s] 1 thoi gian tir khi khoi dong thiét bi & nhiét d6 to dén nhiét d6 ¢, nao do.

AU = Y VipiCi( 1, - to), [J] 12 bién thién nodi ning ciia cac chi tiét tao ra thiét bi. Trong
thiét bi gia nhiét, thuong 7. >ty nén AU > 0; trong thiét bi 1am lanh, thudng ¢, < t, nén AU

< 0. Néu tinh tir khi thiét bi da 1am viéc 6n dinh, thi AU = 0.



Néu dat W = GC,, [W/K] la duong lugng nudc cua chat 16ng thi lién hé gitra W, luu
lwong G(kg/s); khdi lwong riéng p[kg/m’], nhiét dung riéng C,[J/kgK], van tbc w[m/s] cla
chat 1ong v6i tiét dién dong chat 1ong f s& c¢6 dang:

W =GC, = pofC,
Trong d6: V = of [m?/s] duoc goi 14 luu lugng thé tich.
Phuong trinh CBN tich phan tong quat, lién hé cac théng sd nhu trén sé c6 dang:
[proifi(i = i) + panfa( iy —iy) + ZkFi(t - )]z + ZpiViCi( £, - to).

Phuong trinh nay cho phép tim dugc mét dai lugng chua biét nao do, vi du thoi gian
r dé khoi dong thiét bi khi c6 thé xac dinh tat ca cac dai luong con lai.

Khi xét can bang nhiét qua 1 vi phan dF cua dién tich trao d6i nhiét cua thiét b thi

phuong trinh can bang nhiét tong quat c6 dang vi phan sau:
profidi; + pymyfrdi, + XkiFi(7 - t)dF; + ziniCi§ =0.
.

Pay 1a phuong trinh vi phan cin bang cong suat nhiét trao doi qua dién tich dF cua
TBTDN. N6 cho phép tim dugc luat bién thién theo thoi gian 7 cua nhiét dg cac chit long,
thong qua di = Cdt.
1.3.1.2. Cdc phwong trinh cén bing nhiét diic biét.

1) Khi thiét bi cach nhiét tot véi méi trudng: Coi Q, =0, (Al + AlL)r + AU = 0.

2) Khi TBTDN lam viéc 6n dinh, coi AU = 0, AL, + AL + Q, = 0.

3) Khi thiét bi duoc cach nhiét, lam viéc 6n dinh thi:

AL+ AL =0 hay Gi( i/ —i') = GoCpal i —1,)
GICpi(t) —1) = GaCpa(t; —1,) hay Wi(#] —1') = Wa(#) —1,)

Dang vi phan ctia phuong trinh can béng nhiét khi d6 1a W,dt; = W,dt,.

4) Khi AU = 0, Qi = 0 néu cac chit 1ong c¢6 sy chuyén pha trong TBTDN, tir chat
1éng C, dén soi & t, nhan nhiét r, rdi qua nhiét dén hoi c6 nhiét dung riéng C,y, thi phuong
trinh c4n bang nhiét c6 dang:

G, [Cplh (tl/ _t51)+ n+ Cpl(tsl - tl// )]: G, [sz(tsz _té)"‘ rn+ sz (té/ —Iy )]

Hinh 1.4. Phdn bé nhiét do cdc chat 1ong khi chuyén pha trong TBTPN ciing chiéu.

Vi du: + Phuong trinh can bang nhiét trong 16 hoi:



GiCpi(t] — /)= G,[C, (b, =2 )+ 75 + C,, (¢ —1,, )] vOi: 1- Khi nOng, 2- HyO.
+ Phuong trinh can bang nhiét cho binh ngung: 1- hoi ngung, 2- nudc 1am mat.
G [Cplh (tl/ - ts1)+ n+ Cpl(tsl -t )]: GszZ(té _té/)'
1.3.2. Phwong trinh truyén nhiét.
Phuong trinh truyén nhiét 1a nhitng phuong trinh mé ta lugng nhiét trao d6i gitta 2
chat 1ong qua mat TDN bang phuong thirc truyén nhiét.
1) Dang vi phan.
Luong nhiét 8Q truyén tir chat long néng nhiét do t, qua dién tich dF, cia mat TDN
dén chat long lanh nhiét do t, la:
0Q =k(t; — t,)dFy = kAt dF,, W
Trong do:

-1
k= (L + R + Z%) , [W/m?K] 14 hé s truyén nhiét qua vach thuong duogc coi 1a
al aZ

khong ddi trong mit F.

Aty = tx) — tax) = f(Fyx) 12 40 chénh nhiét 4o cua 2 chat 16ng hai bén mit dF,, phu
thudc vi tri F,.
2) Dang tich phan.

Luong nhiét Q truyén tir chat 16ng 1 qua dién tich TDN F dén chét long 2 1a:

Q= [kat,(F,JF, = kf At (F.)dF. = kFAL, [W].

Véi: Ar= % j At (F.)dF. , goi 1a @6 chénh trung binh trén mit F ciia nhiét d9 2 chat long.

1.4. XAC PINH PO CHENH NHIET PQ TRUNG BINH Ar.

Gia tri Ar phy thude vao t!, t/, t, t”va loai so dd chuyén dong cia 2 chat long.
1.4.1. So d0 song song ngwoc chiéu.

Phuong trinh cAn bang nhiét va truyén nhiét qua dF, cia TBTPN song song nguoc
chiéu, theo hinh 1.5 c¢6 dang:

80 =—W,dt, = —W,dt,
50 = kAt dF.



1 1
Theo d6 co: dt-dt, = -| — ——
e e

hay dAr. = - mkAtdF,, véi m = (L - Lj , [k/W].
Wl W2

At

FX
Néu m va k khong di thic |2 = — [ dF, hayIn 2 = —miF,.
At X 0 AtO
Do do: At (Fy) = Atpexp(-mkFy).
— = _ 17 At,
1 ~ . - _ =0 —mkF _

Theo dinh nghia Az:  A¢ F-([ t (F)dF, = .[exp( mkF)dF, _—kF (e 1).
Thay Aty = Atoexp(-mkF) vao trén s& dugc: Ar = U (At 1] _ Aty Al

Atp | At Aty

In—+ In—+
Al At

A=t -4
voi o ? 1// 2/
At, =t —t)

O

Hinh 1.5. So do trao doi nhiét 2 chdt long song song nguoc chiéu.
1.4.2. So’ d0 song song cung chiéu.

50 =W dt, = W,dt,

Phuong trinh cin bang nhiét va truyén nhiét dF, la:
00 = —kAt dF,

Sau khi dua vé dang: dAt,= -(WLJrL]kAtdEv: -mkAt,dF, va bién doi nhu trén s&

1 2

thu duoc:



/

At, —At, . |At, =t
- : Vol ' 1// 1/
At =t -t

—té

Ato

Hinh 1.6. Sor dé trao doi nhiét 2 chdt léng song song cing chiéu.
Céc cong thuc trén dung khi: Aty # Atg # 0.
Céc cong thirc dic biét khac c¢6 thé tinh A theo:
AtkhiAt, =At,. #0
At = %(Ato +At,)
O0khiAty=At,. =0
1.4.3. Cic so db khc.
Pé tinh A¢ cho cac so d6 khac (song song doi chiéu, giao nhau 1 hay n lan), ta tinh
At theo so do song song nguoc chiéu rdi nhan véi hé sb g, duoc xac dinh béng thuc
nghiém va cho ¢ dang dd thi.
t) —t) t —t : Wo— — : 5
ea = f(p==—=,R=-"1—L loai so d0): At = At T, gy (P, R,loai so d0).

h=t, -

1.5. CAC CHI TIEU CHAT LUQNG CUA TBTDN .

Pé danh gia chét lugng cia TBTDN, ngudi ta dya vao cac chi tiéu sau day:
1.5.1. Chi tiéu vé ning lwong.

Pé dic trung cho mdt cong suit nhiét thu dugc ung voi 1kW dién ti€u hao khi van
hanh bom quat cta thiét bi, ngudi ta dung chi tiéu ning luong E,, duge dinh nghia:

E, = Cong suét nhiét san phidm thu duoc tir moi chét
Tong cong suat dé bom quat san pham va moi chat




Sl . .
By=-— 2 _OU Z1)% g cangl6n thi thibt bj cang tt.
Nb+ Ng 543

Vi du: Lo hoi san xuat G = 1000 kg/h hoi c6 i’ = 2770 kl/kg, tir nuée co C,= 4,18 ki/kgK,
t =27°C, bom nudc tidu thu Ng = SkW, quat gi6 tiéu thu N, = 3kW thi c6:

1000 (2770 -4,18.27)
g — L3600

=923
5+3

1.5.2. Cac chi tiéu két cau.
1.5.2.1. P gon ciia thiét bi
Do gon cua thiét bi, ky hi¢u 1a G, dugc dinh nghia:

G = Diél} tich mat trao déj nhiét F = F
~ Theé tich hop bao thiét bi V \%
G cang l6n, thiét bi cang gon.
25

Vi du: Lo hoi néi trén c6 G _F_ 2 L6m* / m’
Vv 224

1.5.2.2. Sudit tiéu hao kim logi.

Suat tiéu hao kim loai, ky hiéu 1a b, duoc dinh nghia:

b = Khdilugng cia thiét bi = M , [kg/m?]
Dién tich mat trao doi nhiét F
b cang nho thiét bi cang it ton kim loai.

Viduy: Lo hoinditrénco b= % =50kg /m”.

1.5.3. Hiéu suit trao do6i nhiét ciia thiét bi.
1.5.3.1. Dinh nghia:
Hiéu suat TDN cua thiét bi, ky hiéu boi 1 duoc dinh nghia:

-9
n anaX 3

Trong do6:
Q=W;ot; = Wyot, = bFAs 1a nhiét chét long 1 truyén cho chét long 2 trong thiét bi.
Qunax 12 nhiét cuc dai ma chat 16ng 1 truyén cho chat 1ong 2 khi chay song song nguoc
chiéu véi dién tich TDN 16n v6 cing F — .
Khi hai chat 16ng chay song song nguoc chiéu va F — oo thi nhiét d6 ra chat 1ong c6

W nho hon s& bang nhiét d6 vao ctia chat 1ong c6 W 16n hon.



Khi W, > W, — 8t; < 8t, vat,=t;.

Khi W, <W, — t; > dt, vat/=t).
Do d6 Qpax béng :

O = {Wz(tg/ —t))=W,. (¢ =1,) khi W))W,

Wl(t{ —t{/):Wmm(t{ —zg) khi W, (W,
e 13 Quax = Winin(t/= ), v6i Winin = min(W;,W,).
Hinh 1.7. Phdn bé t,(F,) khi F — oo
1.5.3.2. Cong thirc tinh n.
0O W._& St

n — — min " max__ __ max

O Wonltl —11) 1] =15

min

V6 Sty = max( Sty St,)

bF At At
n-= g - = NTU ——
Qmax : Wmin (tl -t ) tl - t2

voi NTU = \f]—F goi 14 s6 don vi chuyén nhiét (Number of Tranfu Unit).

min

Hiéu suat TDN 1 phu thugéc NTU = n, Vv:jmi“ =m(1 va so do chuyén dong cua chét

max

1ong 2 chat 1ong.
1.5.3.3. Tinh n cho so do song song ngwoc chiéu.
Xét so dd song song ngugc chiéu c6 W, > W,.
Tir phuong trinh can bang nhiét §Q = -W,dt; = -W,dt,
Co dt, — dt, = d(Aty) =8Q (L _LJ
W, W,

Theo phuong trinéotuyén nhiét 6Q = kAt dF,

— d(Aty) = kAtxdF{ ! _Lj

WZ Wl
Aty F
N IdAtx =J‘i 1_E dF,
Joan AW, W,




Hinh 1.8. Dé tinh n cho so dé song song nguoc chiéu.
Theo hinh 1.8 c6: do W;0t; = W,0t,

W.
— Oty = —24, =ndt,.
Wl

1%
At(] _ At_§t2 _ At_5t2 _ Al‘ — 1—77 =e_n(1_m).
At, At-o, At—mdt, 1_m5t72 l-mn
At
Giai phuong trinh (1- 1) = (1- mn)e™ ™™ thu duoc:

1 _ e—n(l—m)

= = Sml

Do thi 1 c6 dang nhu hinh 1.9.

Hinh 1.9. D6 thi nTN = fin,m).
Cac nhan xét:
1) Khi m gidm thi n tang.
2) Khi m = 0 ( ltc ngung, s6i — T = const, C, =0 — Wy =00) > n=¢".
3) Khi m = 1(W; = W2) = n = lim#(n,m) =1L.

m—> +n
1.5.3.4. Tinh 1 cho so dé cing chiéu.
Xét so dd song song cung chiéu c6 W, > W,.

50 =W ,dt, = W, dt,

Tt hé phuong trinh co ban:
80 = kAt dF.

—n(1+m)

tinh toan nhu trén sé duoc: nTT = l_le— = f(n,m).
+m

Hinh 1.10. Pé tinh n cho so do song song ciing chiéu.

Cac nhan xét:
1) Khi m gidm thi n tang.

2) Khi m = 0 (W, c6 chuyén pha) — 1 = 1- ¢™ nhu song song ngugc chiéu.
3)Khim=1- n= %(1—52").

Hinh 1.11. D6 thi nT7T= fin,m).



1.5.3.5. Higu suit trao déi nhiét ciia cdc so' do khdc.

2

=
1+m+\/1+m2C0th[n l-gm }

1) So dd song song dbi chiéu thi: n =

-m(1- exp(-mn))

2) So d6 giao nhau 1 lan thi:n = 1—¢
3) Cac so d6 khac c6 n = f(n,m) xem trong TLTK.
4) So sanh 1 cac so do:

+Khim=%:0—>n=l—e'nmoisod6.

max

+ khi m # 0 thi:
N >nT—> T (Xem sach réi vé& theo, danh Word khong duogc)
N >no>nTt
Do d6 nT¥ =max 1, nT™ = min .
1.6. CAC BAI TAP Vi DU:
1.6.1. Vi du vé ap dung phwong trinh cin bing nhiét — truyén nhiét.

Bai toan: Mot thung mong dung m = 500 kg dung dich ¢6 Cp, = 2kJ/kgK, nhiét do
dau t, = 7°C, duoc khqu déu. éng xodn dan dau néng co6 thong $6 vao G; =9 kg/s, Cy,i=
3,5kJ/kgK, t/= 92°C, dién tich 6ng F; = 0,785 m?, hé sb truyén nhiét qua éng k = 10°
W/m?K. Khi dung dich c6 t > t, = 17°C thi xay ra phan tng phat nhiét, voi cong suit sinh

Okhit(t,

hiét riéng q(t), [W/kg] bang: q(t) =
nhiét riéng q(t), [W/kg] bang: q(t) {qo(t—tp)=0,88(t—tp)khit2tp

Hinh 1.12. Thung gia nhiét phan ung.
Hé sb truyén nhi¢t qua vo thung dién tich F, = 3,5 m? dén khong khi nhiét do t; =
30°C 1a k, = 40W/m’K.
1) Tinh thoi gian t, khi dung dich dat nhiét do t,,.
2) Tinh thoi gian T dén khi dung dich dat nhiét do t, = 77°C.
3) Nhiét dg cuc dai t,, cia dung dich 14 bao nhiéu?
Loi gidi:
Vi binh méng 6 = 0 nén coi du = pdFcdt = 0.



kF 1000.0,785

ViNTU, = =
GC, 93500

=0,025 rat bé — W, = G,C,, rét 16n

— 8t =(t|-t/)rdt bé —> coit| = 7.
1) Khi t < t, , chua ¢6 phan Ung, phuong trinh cén bang nhiét cho dung dich ltc T,
sau dt, rng v&1 nhiét d¢ dung dich t — t(dt):
(Nhiét dung dich nhan tir ddu) = (D6 ting Entanpy dung dich) + (Nhiét ra méi truong).

Hay: kiFi(t) - t) dt = mCppdt + koFo( t—to)dt
L dt KF A kF, kFit, +k,Fyt,
dt mC ,, mC ,,
< , N dt b,
dit trong (mg bang: —tat=b >dt=—a|t-—"|=-at-t,)
dt a,
Tp t
- j i _ —adr > =—qr,
f =1, % 0 ‘ml
—>T,= iln fn — o
a t, -1,
voi a = BFHRE, 1000078544035 oo o o
mC ,, 500.2000
/
. _b _ kiFit, +k,Fot _ 1000.0,785.92 +40.3,5.30 _82.86'C
a,  kF +kF, 1000.0,785 + 40.3,5
4 J—
Do do: 7, = 1010 220277 _ 53
9,35 82,62-17
2) Khi t > t, trong dung dich c6 phan ung sinh nhiét q(t), phuong trinh can bang
nhiét:

(nhiét dung dich nhan tir ddu) + (nhiét dung dich nhan tir phan ng) = (d6 ting entanpi) +

(nhiét truyén ra méi trudng)

hay: K, Fy(t1- )dt + mqo( t- t,)dt = mC,dt + koFa(t — tp)dr
N ﬁ_,_tlel +kyF, —mgq, _ ki Fit, + kot —mgqt,
dt mC mC,,

dat bang: %+azt=b2—) dt= -az[t_b_Zj:_az(t_tmz)

a,



—ar

t
_>I dt _I adr—)ln =—a, 7 > (1) =t,,—(,, —1,)e

t t - tn tp m2
t ,—t
do do: Tps = L plm =l
a2 tm2 - ts
Vi @y = BFFLF ~mgy _ 10000785+ 4035500088 _, oo \os
me,, 500.2000

by kGt kFt —mat, 10.0,785.0,2+40.3,5.30 ~500.0.88.17

™4, kF +kF, —mq, 10°.0,785+40.3,5 — 500.0,88

tmo = 142,1°C.

B 10“l 142,1-17

Tps = =1346s
485 142,1-77

Do do6 thoi gian t tang tur t) — t,1a 7, = 1, + 1,6 = 153 + 1346 = 1499 s.

3) Max t(t) = lim[tyy — (tm — t,)e™) = tmy = 142,1°C.

D6 1a nhiét do 6n dinh cta dung dich khi binh lam vigc.

Duong cong t(t) cia dung dich ¢6 dang nhu hinh 1.13.

Hinh 1.13. Phdn bé t(v) ciia dung dich.

1.6.2. Vi du vé ap dung phwong trinh truyén nhiét va tinh Ar.

Bai toan: Mot 10 hoi san xuét hoi bao hoa kho tir nudc s6i & p = 8 bar, ¢6 di¢n tich
trao d6i nhiét bang F = 18 cm?, hé sd truyén nhiét k = 180 W/m’K. San phdm chéy c6 G, =
1 kg/s, nhiét d¢ t," = 700 °C, C,; = 1,2 kJ/ kgK.

Tinh nhiét d§ khoi ra t,” va san lugng hoi G, cua 10 va hi€u suat trao doi nhiét n| cua

10.
Hinh 1.14. Bai toan 1.6.2.
Loi gidi:
Tra bang nude va hoi bao hoa tai p = 8 bar, ¢6 t, = 170°C va nhiét hoa hoi r = 2048
kJ/kg.

Phuong trinh c4n bang nhiét c6 dang:
(Nhiét san pham chay toa ra) = (Nhiét truyén qua F) = (Nhiét do hoi thu)

//_t)

GiCon(ty - 1) = kF =8 =C0

t —t
In——
i —1

=G,r.

N



Pay 13 hé 2 phuong trinh cta 2 4n t," va G,.

i ;o t -t/ t" =t —kF
1) Tinh 4 theo GICpl(tl -1 ):kFl/—l — In 1/ L= =—NTU1
f —t, t—t, GC,
In T,
1 s
- 0.18.18
—t" =t + (t/- t)e “7' =170 + (700 — 170) exp (‘—j =205,62°C.

/ /

2) Tinh G, =G, Cp =, _ 1 1L.2(700-205,62)
r 2048
o t| -t/ 700-205,62

- Hi¢u sudt TDN lan = me =170 -
t—t, t -1, 700170

=0,29g /s =1043kg / h

=93%.

1.6.3. Vi du 4p dung phwong trinh cin bang nhiét hén hop.

Bai toan: Binh gia nhiét chira V = 1 m’ nudc & t, = t; = 27°C, dién tich xung quanh
F = 8 m” bang kim loai mong, gia nhiét cho dong nuéc vao binh c6 G, = 1000 kg/h, nhiét
do vao t, = t;=27"C, Cy, = 4,18 kJ/ kgK, bang cach hdn hop véi dong hoi vao co G, = 250
kg/h, i; = 2770 kJ/kg (hoi bao hoa kho & p = 8 bar, t, = 170 °C).

Hé sb truyén nhiét ra khong khi qua vo 1a k = 10 W/m’K.

1) Tim luét bién thién nhiét do nudc ra thoi gian t(t) va tinh nhiét dé nudce ra khi 6n
dinh.

2) Néu khoa 2 van nudc vao ra, mé van K thong khi troi thi thoi gian 1, va luong
nude s6i M, bang bao nhiéu khi t(t,) = t; = 100°C.

Hinh 1.15. Bai toan 1.6.3.

Loi gidi:
1) Khi binh méng, & = 0, coi dub = 0. Phuong trinh can bang nhiét cho nuéc trong
binh luc 1, sau dt c6 dang:
(Nhiét dI do hoi ngung toa ra) = (Nhiét dI, nung nong lugng nudce tinh pV) + (Nhiét
gia nhiét dong nudce dlg) + (Nhiét 5Q ra moi truong) hay:
G1dt(i- Cpot) = pVCpodt + GodtCpa(t- 1) + kF(t — t)dt
di  GCptGiCp +hF _Gi+G,Cpts + I,

- —+
dt pVC pVC

p2

p2

dit bang: % +at=b—>dt= —a[t —é]dr =—a(t—t,)dr
T a



oodt 7§ t—t,

—> —:I—adt—>ln =—art.
Y-t t, —t
0

m

Ham nhiét d§ nudc ra c6 dang:

(G, +G,)C,, +kF | [s-l]
pVC,,

. G,i+G,C 1, +kFt,

" (G, +G,)C,, +kF

a=

t(t) = ty— (tm — to)e™ VG

[oc]

Nhiét d6 nudce ra lac 6n dinh la:

250 2770 + @4,1 8.27+0,01.8.27
3600

t, = lim#(z) =ty = 36001 =147,5°C
e ——(250+1000)4,18+0,01.8
3600
2) Néu khod 2 van nuéc thi G, = 0, khi d6 ¢o:
250
22 418+0,01.8
GC  +kF ’ >
ag= = 3600 =886.107 5™
pVC,, 1000.1.4,18
250
GivkEl, gy 04001827 0
0 = = 3600 =52534°C
GC, +hE 29 41810,01.8
3600

Thoi gian dun s6i khdi nude tinh m = pV 1a

1. ¢
Tso = —In-=°
a, t

-1, 105l 525,34-27

= In =1788 s =29 phut 48 s.
—1 886 25234-100

mO0
Luong nudce so1 khi do 1a: Mg = m + Gty hay:

M, = pV+ Gt = 1000.1+-220 1788 = 1124 kg.
3600



CHUONG 2: TINH NHIET CHO THIET BI TPN

2.1. CAC BUOC TiNH THIET KE MQT THIET BI TRAO POI NHIET.

Khi tinh toan thiét ké 1 TBTDN dé nung néng hodc lam lanh 1 san pham (SP) nao d6
trong mot khiu san xuat cua diy chuyén cong nghé, ngudi ta thuong tién hanh cac budc
tinh sau day:

1) Tinh cong nghé: Theo yéu cdu cong nghé xac dinh cac thong sb t, t/, W = GC,
ctia SP can dit trong TBTDN .

2) Tinh chon so bd: Theo yéu cau cong nghé cho SP, phan tich, so sanh va Iya chon
loai thiét bi, chon moi chét (MC) va céc thong s6 vao t, W, o cta no, chon so dd chuyén

dong va chon trudce cac kich thude chinh ctia mat trao doi nhiét.



3) Tinh nhiét thiét ké: Theo phwong trinh cin bing nhiét va phuong trinh truyén
nhiét, tinh cac thong s6 nhiét con lai ciia cac chit long, cac h¢ s6 o va k, Ar dé xac dinh
dién tich trao doi nhiét F.

4) Tinh két cdu: Xac dinh moi thong s6 két cAu ciia mat TDN va cua thiét bi.

5) Tinh strc bén: Theo (p,t) 1am viéc va 1y thuyét sitc bén vat liéu, tinh chon vat liéu
va d6 day & ctia cac mit chiu (p,t) c¢6 trong thiét bi.

6) Tinh thuy luc: Tinh ton that 4p suat trén dong chay cac chat 1ong va tinh chon bom
quat.

7) Tinh diéu khién: Tinh mang dién dong luc va tu dong diéu khién cac hoat dong
cua thiét bi.

8) Tinh kinh té: Tinh khéi lwong, gia thanh cac vat tu va thiét bi, cac chi phi va hiéu
qua kinh té khi trang bi va van hanh TBTDN.

Tuy theo yéu cau, viéc tinh nhiét cho TBTDN thudng phan ra 2 bai toan: Tinh thiét
ké d¢ xac dinh dién tich TDN va tinh kiém tra d¢ kiém tra hodc lya chon thiét bi.

2.2. TINH NHIET THIET KE THIET BI TRAO POI NHIET.
2.2.1. Phit biéu bai toan tinh nhiét thiét ké 1 TBRTDN.

Cho trudc nhi¢t d§ vao, duong luong nudc va cong suét nhiét trao doi cta 2 chat
long (SP va MC), can tinh dién tich TDN cua thiét bi:

Cho (t/, t,, W}, W, Q) — tinh F.

2.2.2. Cac bwéc tinh nhiét thiét ké.
1) Tinh nhiét do ra 2 chét long theo phwong trinh c4n bang nhiét:

Q=Wi(t/t,") = Wa(ts"-t) > t, =1, - % vt/ =6+ 2

1 2

2) Tinh A theo so d6 di chon: Ar = l%to(mo — At, )e,, (P, R, 10ai so d0).
n 2o
At,
3) Tinh a,, a, voi chét long 1, chét long 2 theo cac cong thirc thuc nghiém toa nhiét
bang phuong phap 1ap sai s6 cho phép.

4) Tinh hé s6 truyén nhiét k = k( o, ap, 8;, Ay).

5) Tinh dién tich trao déi nhi¢t: F = k% .
t



2.2.3. Phuwong phap lap tinh a4, a,.

Phuong phap ldp dya trén viéc chon nhiét do vach thich hop dé tinh «;, o, theo cac

qal — qa2
Qal

cong thue thuc nghiém, sao cho sai sb cac dong nhiét g, = khong vuot qua gia tri

[€ ] cho phép, thudng dugc chon trude bang [e ] = 5%.
2.2.3.1. Bai todn phéng.

Bai toan: Cho vach phéng hodc try méng ( co % <2) nhiéu 16p O/A;, cao h, 2 mat
1

<A , ye A 9 J A A 1 A A , ,
tiép xtic voi chat 16ng 1 ¢6 nhiét do ty = E(t{ +t ), van toc o, (chon trude hay tinh theo ®

= % - 7:;2; ) va chét 1ong 2 ¢6 tp, = %(tz/ +t) ), o, x4c dinh nhur trén,
o
Tinh o4, 05.

Hinh 2.1. Bai todn phang.

- Céc budc tinh 1ap:

1) Chon nhi¢t d6 vach t,,; trong khoang tp, + ty.
2) Tinh o, = % N, (Re1,Gy1,Pp) theo cong thire thuc nghiém voi chit long 1

3) Tinh qgi=0(tr- tw1), [W/mz]-

‘ a1k o bwi T lwo
4) Tinh t,, theo phuong trinh can bang nhiét q,= .

A,

1

— tw2 = twi - Qa1 Z%

N,(R,G..P ) theo cong thuc thuc nghiém phia chat long 2.

r27r2

5) Tinh a, =

|

6) Tinh g, = 0(twz — tr) va sai $b &g = ‘h a2
Qal

7) So sanh sai s6 gqva [e]:
Néu gq- [e] >0 —> gy > [¢] — thay doi tw, va lap lai cac bude 2 + 7

Néu g- €] 0> g < [e] - liy a;, o nhu trén.



- Chii y: Néu moi chat 1a chat khi c¢6 nhiét d6 cao (T > 500 K), thi can tinh thém trao d6i
nhiét birc xa.

Khi do6 a phtc hop tinh theo cong thirc:

_ A TV‘V‘—Tf4
o = 041 T+ 0px = — Nu(Re,Gr,Pr) + ¢y, 0 =,
w
h T, -T,

2.2.3.2. Bai todn tru
- Bai toan: chon 6ng tru day 8/A;, mat dién tich tiép xuc chét long 1 ¢6 ty =

(tl/ —t ), 0= 4G, , mit d, tiép xtc chit 10ng 2 ¢ tp = %(té —t ), W, = 7:’?2 . Tinh

12/71 2P

ol,00.

Hinh 2.2. Bai toan tru.

_ Cac budc tinh lap:

1) Chon nhi¢t o vach t,; trong khoang tp + tg.
2) Tinh a; = 2}’!—‘ N ,, (R¢1,G;1,Pyy) theo cong thirc thuc nghiém voi chét long 1

3) Tinh qp1= o(tpi- twi)nd;, ( W/m).

Twilwo

1 di +1
DN
27, di

4) Tinh ty, theo phuong trinh can béng nhiét qi =

— tw2 = twi - Qi Z%ln dldfl .
7, i

1

5) Tinh q, = %Nﬂ (R,,G,,P,) theo cong thirc thuc nghiém phia chat long 2.

r2-r2
2

_ qlaZ

qlal

6) Tinh qi = 0 twz — tp)nd, va sai sb &g = ‘1

7) So sanh sai s6 gqva [e]:

Néu g, - [¢] >0 — g,> [¢] — thay d6i tw, va lap lai cac bude 2 + 7
Néu gg- €] 0> g < [e] = liy a;, o nhu trén.

2.2.4. Tinh hé s6 truyén nhiét va mit TDN.

1) Véach phang hoic try mong, khong c6 canh.



-1
Tinh F theo Q = kF A7 véik=| L +3 %4 L [ W }
a, A a, m K

e @[ 1 5o 1)
tic 1a F _{ +z/1,.+a2}[m]'

At\ o,

2) Véach phang c¢6 n canh bxIxd ¢ 1 phia o, bé:

-1
TinhFltheoQZkFIEV('rikz(L+é+ ! ] Vol g, =

a, A sa,
_ 2L o 1 ,[mz].
At\a, A1 ¢a,

c

|

3) Véach tru day ( c6 %}2) khong c6 céanh:

1

Thay cho tinh dién tich F, nguoi ta tinh chiéu dai 1 cia dng try theo phurong trinh Q =

1ql = nk1E1 volr k= 1 +Z 1 lndi+l+ 1
aldl 22, d, azd

0 1( 1 &1, d,
1 .
[ + +22/11. n= J,[m]

E K aldl azdm i

-1
j J[W/mK]. Khi d6 c6 1 =

n+l

4) Véch tru c6 canh tron phia ngoai.

Tinh dién tich mat trong khong canh Fy= 2mar,l theo: Q =koFyAs vOi

-1
ko= L+é+ Fuy ,{ VZV }
o A anF, m K

O=r1|—1)
F02 = 2nr1h1
F,=Fp +F

Foo=2n(1," — ).

Ne= f[r—z,m(r2 - rO)J , VoI m= 1/2/10;2 cho theo so' d0 hinh H.20
7

0
2.3. Tinhskieemr tra TBTDN .
2.3.1. Bai toan kiém tra TBTDN.
Khi tinh toan dé kiém tra hodc chon 1 TBTDN c6 san, thuong cho trudc nhiét do

vao, duong lugng nudc cua cac chat 1éng, dién tich va h¢ so truyén nhi¢t cua thiét bi, can



tinh cong sudt va nhiét do ra cac chét long, dé xem cac thong sb nay co phu hop véi cong
nghé hay khong. Bai toan kiém tra c6 thé tom tat nhu sau:

Cho (t}, 5, Wi, Wa, k, F) = Tinh (t',, t'5, Q).

Loi giai bai toan ndy phu thudc vao so do chuyén dong cta 2 chat long.

2.3.2. Tinh kiém tra so d6 nguoc chiéu.

Néu coi ton that nhiét ra moi truong Q, =0 thi Q = Al = Al,= KF At hay

=W, -1) ()
0=W,(1-1/) 2)
O=kF (tl/ _t;/)_(tl// _té) (3)
In Vi =6
t -1t

Dung hé 3 phuong trinh 3 an sb (t/ ! 1 ¢/ 2, Q), dugc gidi nhu sau.
Néu dat &t = t-t", , 8, = tp- t', , thi: Tur (1) va (3) c6 Wi (t)-t") =
kF (tl/ _tl//)_(té/ _té) - In (tl/ _té/):kF{ 51‘2), (4)

\ =] =) W

t -t

In

Theo (1), (2) W,5t, = W1ty —> St; = %&1 (5.

2

// /
Néu goi l;V—F =n,va % = m, thi (4) c6 dang: ? tti = exp[n, (m, -1)].
1

1 2 —h

Trir phuong trinh nay cho dang thire 1 =1 ta duoc:

t{/—t;_lz R A et (R t(m -1) _ Ol 1 Giai
o e s eolatn ). g

phuong trinh cudi tim 8t; s& dugc: 8t; = (tl/ —té) 1 - eXp[”[l ("(11 ~ 1)})
—m, exp|n,(m, —

thi ¢o:
]

t//l t/l— Stl = t/l- (tl/ —l‘é )Z(l’ll, ml)
t//z = t/z- m18t2 = t/2- m; (tl/ — fz/ )Z(l’ll, ml)
Q= W,8t; = W, (¢ —£,)Z(n;, m,).

2.3.3. Tinh kiém tra so do cung chiéu.



Hé phuong trinh dé tim (¢, t, Q) la: Q = Wi(/—¢') = W,(t/ -£)) =

w0 8) s Wiy = R cor 1n(—)(?:2/) =%(1—5’2j= [, (m, 1)) —

1
/

In (2‘1/ _té) §tl
4
1 2
P ,
tl/ j — ¢ (m*) lay 1= 1 trtr cho phuong trinh nay ta duogc:
1 2
A e A A A R - 1 (| B
1- = Y (. )" Il =l-e -
t—1] t—1, (6 -2) (e -2)
1— —m(my+1) . 1— — —1 . A .- , \
St, = (tl/ —té) € dit P(n;, m;) = expl—m (m, 1) thi nghiém bai toan la:
I+m, I+ m,

t{/ :tl/ - o :tl/ _(tl/ _té)P(mlﬂnl)
t/z/ :té —at, :té _(tl/ _té)P(ml’nl)
O=Wé&, = Wl(tl/ _t;)P(mHnl)

n; = ]\{V—F 1a NTU cta chat 16ng néng.

1

m; = % 1a ty s6 duong luong nudc néng/ lanh.
1

Chu y: Gia tri m; €[0,0), khdc v&i m trong biéu thirc higu sut trao do6i nhiét,

[ kF WJ
nin= ym=—"010m < L
\W%

min max

2.3.4. So sanh cong suat TDN cac so dd.

Nguoi ta thuong so sanh cong suat TN céc so d6 khi ¢6 ciing cac chi s6 n, = kF/ W,
vam;= Wy/W,.

1) So sénh so d6 cung chiéu va ngugc chiéu, ta co:

_ —my (m;+1) _ my(my—1)
% _ 5 D (61 — ;lll[l— eﬂlf-n 1 . £(n,,m,) c6 dang nhu hinh H 23.
z 1

Nhan xét: %< I nén Q nguoc chiéu > Q cung chiéu. Khi m; < 0,05 hay m; > 10 thi

z

. 0 A \ A
coi =2 =1 — Q nguoc chiéu = Q cung chiéu.

4

2) So sanh ca so d6 khéc.



Q nguoc chiéu > Q giao nhau > Q vudng goc > Q cung chiéu, khi ¢6 cing n;, m;.

2.4. Vi duy vé tinh thiét ké TBTPDN kiéu 6ng 1ong.

2.4.1. Bai toan thiét kés:

Cong nghé can dun néng G, = 3200 kg/h nude lanh tir t, = 15°C 1én t', = 45°C, bang
mdi chét 13 nuée nong c6 G, = 2130 kg/h, nhiét d6 vao t', = 95°C.

Chon TBTBN kiéu ong 16ng nbi tiép, 6ng trong din nudc néng co do/d; = 35/ 32
mm, bang thép co6 A = 45W/mK, dng ngoai dudng kinh D = 48 mm, chiéu dai | = 2m.

Tinh téng dién tich truyén nhiét F, hé s6 modun N vé hiéu suat TDN cua Thiét bi.

2.4.2. Céc budc tinh thiét ké.

1) Tinh Q, t//l theo phuong trinh can b?mg nhiét: Q = G,Cp, (tl/ - tl//) = G,Cpy (t! — )

Q= 22941845-15) = 11,5 kW.
3600
¢ =1, - Q _ g5 11153600 0~
G.C 2130.4,19

pl
2) Tinh Ar so dd ngugc chiéu.

(e =) )- (¢! -tg): (95-45)-(50-15) _
t —t] 1 95-45)
- (50-15)

At = 42°C.

In

3) Tinh a4, o, theo cong thirc thyc nghiém.

a. Xac dinh ty, o) va tp, o, :

- Theo ty = %(t{ +t{/)=%(95+50)= 72,5°C tra TSVL nuéc c6: p; = 976 kg/m’, A,

0,67 W/mK, vy, = 0,4.10'6m2/s, Pi. = 2,5 Tbéc do6 nuéc nong ©; =

4G, _ 4.2130 —0.754 m/s.

rpd  3600.3,14.976.0,032°

- Theo tp = %(tz/ +t§/):%(15+45):300Ctra TSVL nuéc cd: p; = 996 kg/m’, A,

0,61 W/mK, y; = 080510°m%s Py, = 542. Téc 40 nuéc lanh o, =

4 3200
G, _ 4G, 3600

fps 7D =d3 )p, B 3,14(487 =357 )10.996 =lm/s.




_wd, 0,754.0,032

b. Tinh a5 Ry =60320)10* chay rbéi: N, =

7, 04.10°
4
0,021 R%Po [ Lu |\ vei g = 1w L2250 chen by =
P, d, 32

Lo wt,,)=1(72,5430)=51,25°C P = 3,5 a =
5 11 12 _E ) - D T® 9. 1

1

4
AN =287 6,001.603200%2,5%% 22 |* = 2000w/ mK
d " 0,032 ,

c. Tinh a,: Vi 6ng mong, A 16n, coi ty; = twy = 51,25 = Py, = 3,5.Duodng kinh

trong duong cta hinh xuyén D/d, 1a:

iy 4507 -a)
dy=——=—"""———=D-d=48-35=13mm.
u (D+d)

Ro— 0, _ 1-0’013_6 =16149)10" — chay réi.
v,  0805.10

Cong thtc thyc nghiém tinh o khi chay rdi trong déng long D/d, 1a: dy =

Vs
ar 4Z(D2—d22)
=% - D-d=48-35=13mm.
u ﬂ(D—i—d)

R, = ,d,, _ 1-0’013_6 =16149)10* — chay 16i.
7, 0,805.10

Cong thirc tinh o khi chay rdi trong dng 1ong D/d, c¢6 dang:

1
0,18 "
Nye=0,017R P2 (dﬂj (’;] 4270 W/m’K.
2 W

d. Kiém tra sai s6 dong nhiét .

&= |- 6,8% < 10% — léy oy, 0, nhu trén.

oty =1, | 4270(5125-30) |
oty —t,)| | 4000(72,5-51,25)

4) Tinh k, F va s modun N.




Vi 6ng mong, % =§—§ < 1,4 coi la vach phang day & = —(d, - d,)=

1

1
—(35-32)=1,5
Lps-3) =1,

| =

mmnén coOk = i+£+i :( ! +0’0015+ ! j:1932W/m2K.
a A a, 4000 45 4270

_ Q _111510°

kAt 193242

F 1374
md, L 3,14.0,032.2

374 m* .

S6 moodun N =

=6,83 > chon N=7.

Mwe 1 =8 95-50

5) Hiéu suat TDN cua thiét bi la: n= =1l 1= =56%.
t -1, 95-15

tl/ _tz

2.5. Vi du tinh thiét ké thiét bi san xuét hoi.

2.5.1. Bai toan: Can thiét ké mot 10 hoi san luong G, = 36 tin/h hoi qua nhiét c6 ¢, =
250°C & p, = 10 bar tir nuée lanh ;= 27°C. Cho biét san pham chay c¢6 ' = 750°C, luu
luong G, = 45 kg/h, hé sb truyén nhiét k = 200 W/m’K, so d6 song song nguoc chiéu. Tinh
dién tich TPN cua 10o.

2.5.2. Loi giai:

1) Theo p, = 10 bar tra TSVL cta nu6c va hoi co: C,; = 1,2%, to = 180°C, r, =
1)

2015 kJ/ kg, Cp, = 2 kl/kgK. Duong cong t(Fy) cua san pham va hoi ¢6 dang nhu hinh H
25. Lo hoi ndy dugc coi 1a 3 TBTPN nguoc chiéu ghép ndi tiép, ham nudc trén F,, s6i hoa
hoi trén F va qua nhiét trén F,. Phuong trinh can bang nhiét va phuong trinh truyén nhiét

cho mdi dang thiét bi c6 dang:

Glcpl(z{ —tll): Gchh(té/ _ts): qu (t1/ _ti/thlt— ts)
10" b

t o,

In

Glel(tl/ _tll): Gchh(té/ —ts): kF, (tl/ _té/xtn _ts)
In Yo = s
P

1 s
Glcpl(tl/ _tll): G,C,, (té/ —ts): kE, (tl/ _ti/ thlt_ t“)
10 ‘s

t —t,

In




Day 1a h¢ 6 phuong trinh rcuar 6 an ( ty, tig, t], Fy, Fy, Fo).

C6 10 giai chi tiét nhu bang sau:

Tén thong | Cong thirc tinh Thay s6 Két Don
50 qua vi
Nhiét  dé | Q, = " _ 3 1400 | kW
. Qu= G.C,, (! -1,) 36.10° )50 150)
qué nhiét 3600
Nhiét  do 1400 724 |°C
' [ Femtn =t P05 12
khoi ra GC) o
At trén F, — (6 —1/)-(t, —1,) | (750-250)-(724-180) [ 522 |°C
g Y 750 — 250
InL—22 In———=
£ —i 724 -180
11 K
Dién tich b | . _ Q0 1400.10° 13 |m’
qué nhiét kAL, 200.522
Nhiét  dé 36.10°.2015 20150 | kW
- Q:=Gory 3600
hoa hot
Nhiét  do 351 |°C
. |yt - 0, 104 . 20150
khoi ra F, G,C) 45.1,2
At teenFy | 5 (i=t)=(bo—1) | 724-351 322 |
‘ =l 724 -180
n lni
Lo =1L 351-180
Dién tich F= 0, 20150.10° 313 m’
sOi kAt 200.322
Nhiét ham 36000 6395 | kW
@ Q.= GoCpalt, —11) “oop 18(180-27)
Nhiét  do| , 0, 6395 233 |°C
i =t,- 351
khoi thai GG, 45.1,2
A trenFy | (to—t,)—(e/ —£) | 351-180-233+27 188 | °C
0 ty —1, 351-180
In—"— In——
1 —t 233-27
Dién tich bo Fy = QL 6395.10° 170 m’
ham kAt, 200.188




Tong dién 505 m”
F = FytF,+F, 170+322+13

tich

Hiéu  suat - 1t 750 — 233 71,5 | %

TBN b=t 75027

2.6. Tinh thiét ké binh ngung.

2.6.1. Bai toan: Can thiét ké mot binh ngung freon 12 kiéu 6ng vé nam ngang, ding
6ng déng d,/d; = 14/12mm, c¢6 A = 100 W/mK, chon budc 6ng SP = 1,3.d,, ¢6 cong suét
ngung Qy = 42 kW, ¢ nhiét d6 ngung tu t, = 30°C. Nudc lam mat chay trong chum dng,
chon @, = 1,5 m/s, nhiét 46 vao t'=20°C, nhiét d6 ra ¢/ = 26°C, chon s6 hang tring nuéc
N =2, dinh mirc tod nhiét ra moi trudong khi tro1 Qq = 2%Qy.

Tinh dién tich mit éng, téng sb éng n, chiéu dai 1 cua ong, duong kinh

D ctia thiét bi, hiéu suat TDN 7.

2.6.2. Céc budc tinh thiét ké.

1) Tinh phu tai nhi¢t Q, va luu lugng G, nudc lam mat.

Theo Qx=Q, + Q;:—> Q,=Qx- Q;=(1-0,02)Q, =0,98.42 = 41,16 kg/s.

Q, _. 4ll6

C,.le/ —1))  41826-20)

n

Theo Q, = G,Cp (f: —f,i) -G, = =1,64 kg/ss.

2) Tinh s6 6ng n, chon s6 dng mdi diy z. ( xem sau).
3) Tinh Ar ( vi so d6 x) khi ngung t, = const nén ta co:
Af = (tk _tr/l/)_(tk _tr/z): 26-20 — 6,55OC.

t, —t: In 30-20
t, -7 30-26

n

In

4) Tinh a; vo1 Ry, va tinh a, véi nude.

Theo t, = %(t; +tf)=%(26+20)=23°€ tra TSVL nuéc co: y = 10° m%/s, A = 0,6

wd, 15.0,012

W/mK, Ps=7. Tinh R, = 0 =18000 > 10* > chay roi, ¢o:




1

3
Ny = 0,021R2;8PS;.43[ij g VoI sl(i>50]= 1, chon t,, = l(tk+ts) =
By d 2

1

4
%(30+23)= 265°C—> Py =55> 0= gzvuf = o%?z .0,021.180000’8£l] = 6531 W/m’K.

3 >

5) Tinh s6 6ng moi hang m, tong s6 ong n, chon s6 day ongs z:

4G, _ 4164 97 5 m=10éng,

m tinh theo G, = mZd’pw —> m = - -
4 mpod,  3,14.998.1,5.0,012

chonz=4 van=N,=20.
Theo t, = 30°C tra TSVL cta R12 cé: p = 1293 kg/m’, r = 1,384.10° J/kg, A = 0,067

W/mK, p=2,6.10° Ns/m*. Coi ty, = ty; = 26,5 °C vi MC 16n.

Theo cong thirc Nesselt, o ngung trén dng ngang la:

1
223\% 5 2 3
rgp’ A J - (1,384.10 9,81.12932.0,067 J:6473W/m2K

a, =0,728
N [ LAtd, 2,6.10°(30-26,5)0,014



