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NGHIEN CU'U TINH TOAN QUA TRINH TRAO POI NHIET CUA THIET B
ONG LONG ONG DANG XOAN.

RESEARCH ON THE CALCULATION OF HEAT EXCHANGE PROCESS
WITH THE THERMAL EQUIPMENT OF DOUBLE PIPE HELICAL HEAT EXCHANGERS

Ho Trin Anh Ngoc
Truwong Cao dang Cong nghé- Pai hoc Pa Nang; Email: anhngoctr@yahoo.com

Tém tat: Qua trinh trao ddi nhiét 1a qua trinh trao déi nang lvong
duéi dang nhiét nang dién ra gitra hai méi chét co nhiét do khac
nhau. Qua trinh trao ddi nhiét dién ra theo nhidéu phuong thirc
khac nhau. Dé thwc hién dwoc qua trinh trao ddi nhiét do, ching
phai duoc tién hanh théng qua cac thiét bj trao ddi nhiét. Cac
thiét bj trao ddi nhiét c6 rat nhidu loai khac nhau, nhwng trong dé
loai thiét bi trao dbi nhiét kiéu éng Iéng 6ng la mét trong nhiing
loai thiét bj trao d6i nhiét c6 hiéu qué trao ddi nhiét tot nhét. Dic
biét loai thiét bj trao déi nhiét 6ng 1dng éng dang xoan vira co wu
diém 1a hiéu suat trao ddi nhiét cao vira co két cAu gon gang, bd
tri st dung mot cach linh hoat, an toan. Bai bao nay dua ra
phuwong phap tinh toan thiét bj trao ddi nhiét ong Idng ong dang
xpan dé co thé ap dung tinh toan cho cac hé thong thiét bj thwe
te.

T khéa: Trao déi nhiét; Thiét bj trao dbi nhiét; Ong dng 16ng;
Ong 16ng 6ng dang xoan; Hiéu suat.

1. Pit van dé

Thiét bi trao d6i nhi¢t (TBTPN) la thiét bi trong do
thue hién sy trao d6i nhi¢t (TDN) gitra hai m6i chat c6
nhiét @0 khac nhaq, muc dich 1a Qﬁng deé nung nong hoac
lam ngudi moi chat, ching c6 thé 1a chat long, khi hodc
hoi, cac chét nay co6 nhiét d§ chénh Iéch ‘nhau. Hién nay,
c6 rat nhiéu chung loai TBTDN v6i nhiéu phuong phap
tinh toan khac nhau. Trong khudén kho bai bao nay, ta di
tinh toan thiet bi TDN ong 10ng ong dang xoan.

2. Phan loai thiét bj trao ddi nhiét
2.1. Cdc cach phan logi TBTDN
2.1.1. Theo nguyén ly lam viéc cua TBTDN

- TBTDN kiéu tiép xtc hay hdn hop: chét gia cong va
moi cl}ét ti’ép x0c nhau, tpuc hién ca qua trinh TN lan
trao doi chat, tao ra mdt hon hop.

- TBTDN kiéu hdi nhiét: 1 loai TBTPN c6 mit TDN
dugc quay. Qua trinh TDN la khéng 0n dinh va trong mat
TDN c6 sy dao dong nhiét.

- TBTDN loai vach ngan: vach rin ngin cach chét
long nong vé&i chat long lanh, ching TPN theo kicu
truyén nhiét, loaj nay bao dam do kin tuyét doi gitta hai
chat, cho nén chat gia cong dugc tinh khiét, vé sinh va an
toan.

- TBTDN kiéu 6ng nhiét: dung dé truyén tai nhiét tir
chat léng néng dén chat long lanh. Moi chat nhan nhiét tir
chat long nong, $6i va hod hoi thanh hoi bo hoa, truyén
den vung tlep xtc voi chat 1ong lanh, ngung thanh long
10i quay vé ving nong.

2.1.2. Phdn logi theo so do chuyén dong chdt long voi
TBTDN c6 vdch ngan, ta co:

- So do song song cung, ngugc chicu.

Abstract: Heat exchange process is a process of exchange of
energy as heat takes place between substances with carriers to
process heat or cold temperatures. The heat exchange process
takes place in several different methods. In the performance of
heat exchange process, they must be conducted through the heat
exchanger. There are many kinds of heat exchanger equipment,
but the double tube is one of the types of heat exchangers that
acts with best efficiency. Special types of double tube helical heat
exchangers with the advantages of high efficiency for heat
exchangers have a compact structure and layout which are used
flexibly and safely. This paper offers methods of calculating
double tube helical heat exchangers which can be applied in the
calculation of the systems that use pipe spiral heat exchangers.

Key words:Heat exchanger; Heat exchanger equipment; Tube in
tube; Double pipe helical; performance

- So d6 song song hdn hop.

- So d6 giao nhau mot lan.

- So db giao nhau nhiéu lan.

2.1.3. Phan loai TBTPN theo thoi gian, ta ¢ hai loai:
TBTDBN lam viéc lién tuc va theo chu ky.

Ngoai ra con ¢6 cach phan loai TBTDN theo cong
dung nhu: thiét bi TDN dung dé lam noéng, lam mat hodc
lam ngudi san pham dén nhiét d6 cao hon bang hay thap
hon nhiét 0 moi trudng xung quanh.

2.2. Cdc logi TBTDN éng long éng

Trong cac loai TBTDN thi éng ldng ng 1a loai
TBTDN c6 hiéu qua TDN khai’ cao, chi dung sau loai tam
bang. Ta c6 cac loai ong 10ng ong sau:

2.2.1. Ong long éng thang

Ong l(“)ng ong thang 1a loai TBTDN sir dung phd bién
vi nd co ciu tao dorn gian, gdbm c6 dng ngoai bao boc & ong
trong, ong trong nbi v6i nhau boi cac ciit cong, con dng
ngoai duge nbi véi nhau béi cac dau chuyén hudng va cac
chén ba.

'/I/’

Hinh 1. Cdc Module ong 1ong ng thing don

Tuly thudc vao luu lwong, cong sut ma nha thiét ké va
nguoi st dung co thé két noi nhiéu module lai v6i nhau aé
cd thé dap img dugc yéu cau thye té TDN. Cac 6ng c6 thé
nbi v6i nhau bang cac bich ndi rat linh dong.
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Hinh 2. Ghép néi cic module éng long ong don

2.2.2. 2.2.2. Cdc logi 6ng long éng cong, xodn

Vé6i TBTDN 6ng 16ng 6ng dang cong va xoén, ta co
thé chia ra 1am nhicu loai tuy thudc vao hinh dang bén
ngoai, ta co cac loai sau:

- TBTBN o6ng 16ng 6ng dang hinh xoén tron: 6ng
duogc 10ng vao nhau va dinh vi tam d¢ c6 khoang cach déu
roi sau d6 dugc uon cong.

Hinh 3. Ong long dng dang xodn tron

- TBTBN éng 1ong dng dang elipse: Ong sau khi 16ng
vao nhau dugc udn theo hinh dang elipse, nho d6 dong
moi chit d& dang chuyén dong & cac vi tri ngodt dong
chuyén huéng ma khong bi can trd, duge bd tri trong
khong gian hep.

’; e

Hinh 4. Ong long dng hinh elipse

_ - TBTbN ong 16ng dang hinh vuéng, chir nhét: ong
10ng ong loai nay duoc lap dat, bo tri gon gang, phu hop
v&i mat bang ¢ bén ngoai.

Hinh 5. Ong long dang xodn hinh vuéng, chit nhdt

Vi loai 6ng 1ong nay thi viéc tao rdi dong moi chat
trong qua trinh chuyén dong s& 16n hon, qua trinh toa
nhiét dbi luvu duogce ting cudong. Méi chat bén trong chuyén
dong ngoat dong nhiéu 1an, kéo dai thoi gian tiép xuc hai
dong moi cht.

3. Tinh toan 6ng lﬁng 6ng dang X0dn tron
3.1. Bai toan

Tinh toan TEN dién ra giita hai dong méi chat nong,
lanh chay trong dng 10ng 6ng loai thing va loai xodn tron,
cu thé nhu sau: Nude néng chay trong dng thép nho c6 hé
sO dan nhiét M(W/m.K), duong kinh trong va ngoai ciia
ong trong 1a do/d; (mm), nhiét do nudc néng vao la
t°1(°C), Iuu lwong G(kg/h). Nudc lanh can duge gia nhiét
chuyén dong trong khdng gian hinh xuyén c6 dudng kinh
D(mm), nhiét d6 nudc lanh di vao t’2(°C), nhiét d6 nudc
lanh ra t’2(°C) v6i luu lwong Ga(kg/h). Chiéu dai mot
vong xoén 1a Im. Xéac dinh dién tich truyén nhiét F ctua
thiét bi, s6 doan 6ng xoén N.

3.2. Tinh todn ong xodn tro‘rlt
G1,Cp1,t

G2,Cpo,t 2

G2,Cp2 2

G1,Cp,t™1

Hinh 6. Hinh vé éng long dng xodn

di/d2,0

Hinh 7. Mdt cdt ngang dng long dng xodn

Trinh tu giai bai todn nhu sau:

1. Phuong trinh truyén nhiét: Q=k.F.At, W

+ Q: dong nhiét trao doi giita hai chét tai nhiét trong
mot don vi thoi gian, W.

+ k: hé s6 truyén nhiét cia TBTDN, W/m?

+ F: dién tich bé mat trao ddi nhiét, m?

+ At: do chénh nhiét do trung binh, tly theo yéu cau
d6 chinh xac ma c6 thé tinh theo phuong phap logarit hay
phuong phap so6 hoc, °C.

2. Tinh Q, t;”: theo phwong trinh c4n bing nhiét:

Q= Gl.Cpl (tl’ — tl”):Gz.sz(tz” — tz,), W

c_y_Q
L=t-5¢

1"~pl 0
plc
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+ G1,G2! luu luong khéi lwong cia nude nong, nude
lanh chay trong ong, kg/s.

+ Cp1,Cp2: nhiét dung riéng khéi luong ddng ap cia
nude noéng,nude lanh chay trong ong, J/kg.K

+t'1, t'1: nhiét d6 nude nong vao, ra thiét bi, °C

+ 1’5, t'2: nhiét 46 nude lanh vao, ra thiét bi, °C

3. Tinh At trung binh theo so d6 nguoc chiéu:

' " " . [o]
At = (tl — tZ)I_ (tlu_ tz) ,°C

L-t
t,—t,

In

+Ay= (t1- t72), Aty = (t'1- t'2) : hidu nhiét do gitra hai
mdi chit khi vao, ra khoi thiét bi, °C.

4. Tinh as, a2 theo cong thirc thye nghiém.

u=%@+H)%

4G,
zpd?
Téc donuéc lanh: , _ G, _ 4G,
2 2 2
f,.0, ﬂ(D —-d )pz
+pupa: khdi luo’ng riéng cua nudc nong, nude lanh
chay trong 6ng, kg/m®.

a. Xac dinh tp, o1 Vatp, o2 t

, m/s.

Toc d6 nude nong: w =

,mls

+ dy, dz : dwdng kinh trong, ngoai éng nho, m.

+D  :duong kinh trong 6ng 16ng ngoai, m.

b. Tinh as: Re, = od;

71
+ o1 :tdc do nudc nong chay trong dng, m/s
+91  :d0 nhét dong hoc cua nude, m?/s.

w

Pr, )4
Nu, =0,021.Re?%®. Pro“{fJ £.Eq
Pr.

Tu d6 suyra:

iy
d
+%1  :hé sb dan nhiét cia nude néng , W/m.K
Nhiét lugng téa ra trén 01m chiéu dai 6ng:
q“ =q,.7m.d, ( f1 twl) W/m

+tw1 :nhiét d0 mat trong cuia vach 6ng nhd,°C
+a1 :hé sb toa nhiét nuée nong, W/m?2.K
+1tn  :nhiét do trung binh nudc nong, °C.
c. Tinh oy: o~ tw—tp ,W/m
Qe =012 =
1 d

—~ In=2

274 d,
+twz :nhiét dd mat ngoai vach éng nho, °C

+%  :hé s6 dan nhiét cua vat ligu, W/m.K
Duong kinh tuong dwong cua hinh xuyén D/d; Ia:

i 4%(D2—d§)

do=2f-—4— _©_(p-

d,) M
u  #(D+d,) :)

Re. — @,.d,
,=—21
72
+ o, :tdc do nudc lanh chay trong dng, m/s
~ *vy2 @ d6 nhét dong hoc cua nude lanh chay trong
ong, m?/s
+ dw : duong kinh twong duong, m

Tir day ta suy ra ché d chay ctia moi chat.
Cong thirc xac dinh dudng kinh twong duong la:

4%(D2—d22)

4f
dy=—=—"5——-—=(D-d
“"u z(D+d,) (b-d;)
Suy ra dugc:
Re :a)zdtd
2
72

Tiéu chuan Nuselt dé tinh hé s6 toa nhiét d6i Ivu o c6 dang:

D\ (pr %
Nu, =0,017.Re%® Pri*| = | |~ (3.15)
d, Pr,,

:ﬁNUfz
2

Twr d6 o2 dugc suy ra nhu sau: a,

Khi 6 ong cong v6i ban kinh cong R, chang han tai doan
cut hodc ong xoan rudt ga, hé so tda nhiét Ong cong 1a: or
=aner = 0t ( 1+ 1,77d1/R)

Hinh 8. Ong cong

Ban kinh tuong duong xac dinh :

= R2+ 1 2
g 2

+ R : ban kinh ctia vong xoan, m.

+t :budc vong xoin

vANE

(

R(m)

Hinh 9. M6 phong dwong kinh twong dwong
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3.3. Tinh todn so sinh éng long éng xoin va éng long
ong thing
Bai toan: TBTBN kiéu 6ng 16ng dng lam nong nude.
Nuée nong chay trong dng thép nho co A= 45 W/m.K,
do/d; = 35/32 mm, nhiét d6 vao t1 = 95°C, luu lugng G1 =
2131kg/h. Nude lanh can dugc dun nong chuyén dong
gilta Ong nho va ong to c6 D = 48 mm, nhiét d6 vao t, =
15°C, nhiét do ra t’2 = 45°C véi Ivu lwong G, = 3201
kg/h. Chiéu dai ciia doan dng nhé nim ngang 1a 1m, cua
mot vong xodn 1a Im. Xéc dinh dién tich truyén nhiét F,
s6 doan 6ng nam ngang va s vong 6ng xodn N.

3.3.1. Tinh doi véi truong hop ong long ong thing:

GZ’CPZ:E;
G, Coty ~ =

R
G1 ,sz,f;

Hinh 10. M6 phéng ong long ong thing
Ap dung céac cong thuce ly thuyét & trén dé tinh toén ta
duogc két qua xt Iy nhu sau:
Khi bo qua ton that nhiét (77, = 100%), ta co:
Q=0Q:1=Q2= Gz.sz(tz”—t’z) =111,5 kW
Nhiét do trung binh cia nudce lanh :
ty = (t2+ t2)/2 = (15+45)/2 = 30°C
111,5.3600
Q =95- =50°C

-
! G Cy 2131.4,19

Twr d6 nhiét d trung binh t; ciia nudc nong:
t1=0,5 (th +1t71) = 0,5 (95+50) = 72,5°C
Tir d6 toc dd ctia nude nong chay trong dng nho:
4.G 42131

o=—":= > =0,75m/s
p.d? 976,3.3,14.(0,032)2.3600

Tbc @6 nude lanh chay giira dng to va éng nho:
0,=— 252 __
p,-m(D*-d3)

Tiéu chudn Re ciia nudc nong:
- od;

N

Vay tiéu chudn Nuselt:

0,25
Pr
NUf1:O,021.R62'f.P|’?'143( fl) £,.ER

ln

=1,05m/s

= 59627 >1.10*: chay roi.

& - hé s hiéu chinh.
Chon nhiét d vach ty bang:
tw1 =0,5 (t1+t2) = 0,5(72,5+30) = 51,250C

Vay ta co duoc gia tri: Nup= 195,4
Hé s6 toa nhiét ddi luu cua nude nong:
A 0,6695

o, =Nu, £ =195.4 -
t 0,032

—t,, )2d, = 8728,7 Wim
1 .d
th: Wl-q|lt'ﬁ In d—2 :48,5OC

1

=4088W/m

Quue = Qy '(tl

Nhiét d6 trung binh ctia nudce lanh can dugc dun néng:
t,+t;, 15+45
= 22 = =30°C
2 2

Tiéu chuin Re dugce tinh nhu sau:

o,d
V2

0,18 0,25
Nus, :O,017.Ref2°’8.Prf2°'4. E . Prfz =941
d, Pr,,

Re,= —2-14 =6956>1.10*: Chay r6i.

Hé sb téa nhiét ay cua nude lanh:

Ay =4473,4 W/im2.K
d

Qo =0y - (th -t,

Vay ta tinh ra duoc: oy = 4088,06 W/m2.K

oz = 4473,3 Wim2.K
Nhiét d6 trung binh logarit:

0L, =NUy,.

)-md, =9095,1 W/m

At 1= Al —Alyy =42 05 [°C]

At

In —m™

At i,

0] day % = % =1,093 <14 nén cd thé xem vach
d, 0,032
tru la vach phéng, vi vady ma hé ) truyén nhiét:
ke 1 = 1992, 5W/m2.K

1 6.1
ay A ay

Phuong trinh truyén nhiét: Q = ke.F. ﬁ .

Tu day suy ra:
F = Q_ _ 111,5.1000 —1.33m?
k.At 1992,5.42,05
S6 doan 6ng thang Ny khin =1 Ia:
_ Fk 1,33
““xd.ln 314003211

3.3.2. Tinh véi trueong hop ong long dng xodn:
Ap dung céc cong thuce ly thuyét ¢ trén dé tinh toan ta
duoc két qua xi Iy nhu sau:
1. Chon ban kinh vong xoin:
R =3D=3.0,048=0,144 m
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Chon budc 6ng xo0dn t=D = 0,048 m.
Bén kinh trong dwong vong xoén:

2 2
rtd:‘/Rz+(;J = 0,1442+[0'248J =0,145m

Hg¢ s0 hiéu chinh d¢ cong cia ong nhé:

gy =14177 82 141,77. 0082 _ 5
g ,
Heé s6 hiéu chinh d6 cong cua dng 16n:
1417792 =142,77.0035 21 4,
[ 0,145

2. He¢ sé toa nhiét cia nudc nong va nude lanh chay
trong ong long xo0an o1y, Oox :

- Hé sb toa nhiét nuée néng chay trong 6ng xoin
oo eri= 4081,8.1,39 = 5673,7 W/m2.K

- Hé sb téa nhiét cia nude lanh trong éng X04n:
Oox = Oat.r2 =4473,3.1,42 = 6352 W/m2.K

- Nhiét luong toa ra trén 1m chiéu dai ng xodn nho:
Quax = oax.(t1— tw1).or.dp = 12342,5 W/m

- Nhiét luong toéa ra trén 1m chiéu dai dng xodn 16n:
Qizx = oi2x . (twz — t2).1.d2 = 12565,5 W/m

Vaytacd:  aix =5673,7 W/m2.K
azx = 6352,0 W/m2.K

4. Tinh hé s6 truyén nhiét trong dng 1dng xodn:
kx = 1 =2726,4 W/m2.K

- B¢ chénh nhiét d6 trung binh logarit:

E lT = Atmax _Atmin - 42,05 OC
JA\
In —mx
Atmin
- Dién tich trao d6i nhiét:
F - Qi _ 111,5.1000 0,07 M
k,.At  2724,7.42,05
- S6 vong xodn ciia ong 16ng xoan:
Nyx = Fx = L =
m.nl  314.0032.1.1
Chon Ny =10

- Tong chiéu dai dng xoén:

Lvx = Nyx.2m.rg = 10.2.3,14.0,145=9,1 m
- Chiéu cao thiét bi ng 1dng xoén:

hx = Nw.t = 10.0,048 = 0,48 m

Bdng thong ké két qud tinh todn

Ong long thfmg éng léng Xo0én
Hé s6  toa a1t a2t 1x 2x
nhiét,
W/m2K 4088,0 | 4473,3 | 5673,7 | 6352,0
Hé sb truyén kat kax
nhiét,
WIm2.K 1992,5 27246
Dién tich trao Fut Fox
doi nhiét, m?

1,33 0,97

4. Két luan

Ta da tinh toan TDN cho hai dong moi chat ‘nong lanh
khéc nhau trong TBTPN 4ng 10ng dng dang XO4n.

Qua tinh toan cy thé bai toan TDN dng 1dng dng thing
va dng long 6ng x0an, ta théy'

- Ong 1ong & ong dang xoin ¢6 kha nang tao r01 rat tot,
hé s6 toa nhiét d6i luu o cua ong xodn 16n hon dng 1dng
ong thang kha nhiéu, gap 1,38 lan.

- Hé s6 truyén nhiét K cua dng 16ng 6ng xodn 16n gip
1,36 lan so v6i ong 16ng dng thang.

Tuong ung nhu vy, dién tich bé mit trao d01 nhiét
cua Ong long ong dang thang s& 16n hon so véi dng long
ong dang x04n la 1,37 lan, vi vay ma viéc st dung 0ng
long ong dang xodn vira tang cuong kha nang tao roi vira
it ton nguyén vat liéu ché tao hon, tiét kiém chi phi dau tur
ban dau. _Tuy nhién can phai chu y hon vé van dé ky thuat
ché tao dng 16ng éng dang xodn.
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