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AP DUNG PHUONG PHAP MOI BE TINH TRUYEN NHIET
TREN VACH TRU CO CANH DQC THAN VA CANH XOAN

USING NEW METHOD TO CALCULATE HEAT TRANSFER IN TUBE
WITH WINGS ALONG BODY AND WINGS TWISTING AROUND TUBE

Ho Trin Anh Ngoc
Truong Cao ding Céng nghé, Pai hoc Pa Nang; anhngoctr@yahoo.com

Tém tét - Trong thuc té, viéc giai bai toan truyén nhiét qua vach
6ng 1a mét qua trinh tinh toan twong déi phirc tap, nhat 1a déi voi
cac 6ng cé canh dwoc bé tri & vach phia bén ngoai véi nhiéu bién
dang canh khac nhau. C6 nhiéu phwong phap tinh toan truyén
thdng dé giai bai toan truyén nhiét nay, tuy nhién dé thwc hién cac
phwong phap d6 doi hdi phai tbn kém nhiéu thei gian va chi phi
lam thwe nghiém. Chinh vi vay, trong khuén khd bai bao nay, tac
gia da ap dung cach tinh truyén nhiét theo phwong phap mai dé
tinh toan truyén nhiét qua vach tru ¢d canh thang va canh xoén bd
tri doc bén ngoai than ong, trong do6 rng v&i moi thé loai co6 cac
bién dang canh khac nhau. Bdng thoi tac gia ciing dwa ra cac cong
thirc dé tinh ban kinh twong dwong, tinh chu vi va dién tich mat cat
ngang ctia &ng cé canh thang va 6ng cé canh xoan doc than.

Tir khéa - phuong phap tinh toan nhiét truyén thong phwong phap
tinh truyen nhiét m&i; ban kinh twong dwong; 6ng vach tru c6 canh
doc than; ong vach tru c6 canh xoan.

1. Pit van dé

Ta biét rang, thiét bi trao d6i nhiét (TBTHN) hién nay
dugc sir dung kha pho bién trong nhiéu linh vuc khac nhau
ctia cic nganh k¥ thuat. Dé giai mot bai toan truyén nhiét
qua TBTDN céan phai thuc hién nhidu phuong phap bao
gdm ca phuong phap 1y thuyét 1an phuong phap thuc
nghiém. Khi st dung phuong phép 1y thuyét, ta phai dwa
trén cac dinh luat vat ly, 1ap hé phuong trinh mo6 ta hién
tuong TPN, giai bang phuong phép giai tich (hodc phuong
phap toan tir, phuong phap s6 nhu sai phan hitu han hay
phan tir hitu han) dé tim ham phan bd nhiét 6 va cac cong
thae tinh nhiét. Trong khi do, phuong phap thuc nghiém lai
viét dya vao 1y thuyét dong dang, 1ap mo hinh thi nghiém,
do va xur ly cac s6 liéu, trinh bay cac két qua ¢ dang bang
50, do thi hoac cong thire thye nghiém... [2]. Cac phuong
phép tren cho thay khong thé giai dudi dang giai tich dé
tim hé s6 truyén nhiét cac vach tru c6 canh khac nhau duéi
dang tu’O’ng minh. Mubn giai va tim hé 56 truyen nhiét k
can don gian hoa va dua bai toan vé mo hinh truyen thong
don gian hon dé giai. M6 hinh méi c6 sai sb nho. Dé khong
st dung cac phuong phap tinh toan twong ddi phirc tap nhu
trén, tac gia da ap dung phuong phap méi dé tinh truyén
nhiét cho éng vach tru loai ¢6 canh thing va canh xodn bd
tri doc than ¢ bén ngoai.

2. Gi6i thiéu phwong phap méi dé tinh truyén nhiét qua
vach tru

2.1. Co s¢ dé tinh todn truyén nhiét vich tru

Trong trurong hop dau tién, ta xét vach tru duge ché tao
tir vat lidu dong chat dwoc thé hién nhu dudi Hinh 1 bén
dudi co hé s6 dan nhiét A(W/mK), vach bén trong c6 ban
kinh ry(m), tiép xtic véi moi chat ¢d nhiét do tr(°C), vach
bén ngoai c6 ban kinh ra(m), tiép xtic voi moi chat c6 nhiét

Abstract - In fact, the solution to the problem of heat transfer
through the wall of the tube is a relatively complex calculation,
especially when the tube side walls are arranged in the outer
contour with many different profiles. There are many traditional
computational methods to solve the problem of heat transfer;
however, to implement those methods requires time and cost of
experimentation. Therefore, within the framework of this paper, the
authors use the new method to calculate heat transfer through the
wall tube with straight and helix wings arranged along the outside
barrel, and for each category are different wing profiles. In addition,
the authors also give the formula for calculating the equivalent
radius, the circumference and the area of cross section of tube with
straight wings and helix wings along the body.

Key words - traditional method of calculating heat transfer; new
method of calculating heat transfer; equivalent radius; cylindrical
wall tube with vertical wings; cylindrical wall tube with helix wings.

dd tr (°C), luc d6 nhiét truyén qua vach tru khong c6 canh
bén ngoai dugc xac dinh theo cong thirc nhu sau [3], [4]:
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Hinh 1. Truyén nhiét qua vdch try

- a1, Uy= 27tra; hé sb toa nhiét va chu vi ctia vach tru bén
trong;

- 02, U= 27r2: hé s téa nhiét va chu vi ctia vach tru bén
ngoai.

Trong trudng hop thir hai 1a xét dbi véi vach tru c6 canh
& bén ngoai, coi nhiét do trén bé mat ngoai cua vach la ty,
va hé s6 téa nhiét ay 1a phan bo déu, ta cd dugc cong thie
tinh truyén nhiét qua vach tru c6 canh la:

ty-tep , [W/m] (3)

1 1 .1, 1

+—.In=+
U 2mh g

q =

a,y.Fy

Trong d6, Fa 14 dién tich bé mat ngoai ca 1m dai vach
tru c6 canh, cac dai luong khéc trong cong thirc van giéng
nhu trong trudng hop vach tru khong c6 canh.
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2.2. Phwong phdp tinh vach tru mdi [5], [6]

O day tac gia da d& xuit phuong phap méi dé tinh vach
tru 1a vach duogc lam béng vat liéu déng chét ¢6 canh duoc
b6 tri & bén ngoai, hé sé dan nhiét A(W/mK), ban kinh mat
tru tron & phia trong la ry(m), ban kinh mdt tru tron & phia
ngoai 14 ro(m), bén trong vach tiép xtc voi moi chit co (t,
01), bén ngoai tiép xuc voi moi chit co (tr, 02). Ta thiy
ring, khi gén thém canh vao vach tru, nhiét tré' dan nhiét
Ry ciia no s& tang lén, trong trudng hop nay, nhiét trd dan
nhiét Ry c6 thé tinh theo cong thirc sau:
le.ln L, [mK/W] (4)

/N ]

R, =

Trong phuong phap méi nay, dbi véi dng c6 bién dang
canh bét ky, tic gia dua ra thanh phan ban kinh thay thé
chinh Ia re: ban kinh tuwong duong ciia mat ngoai vach,
trong d6 ban kinh I, € (L= 1. I ), Vi Imin 12 chan
canh c6 dudng kinh nhoé nhat, rmax 13 ban kinh 16n nhat cua
canh. Viéc so sanh ban kinh twong duong r; nay véi ban
kinh ngoai cii dugc thé hién & hinh vé 2 ¢ dudi.

Hinh 2. Mt cdt ngang voi truc vach tru co canh

Khi d6 nhiét lwong din qua 1m dai vach ng la:

q,= twi- Ty — w1~ Twp ,[W/m] (5)
Ri =l
2tk p

Theo phuong trinh cin bing nhiét cho véch try c6 canh
khi véch on dinh (0, =0, = G, =0,,), ta dé xuat dugc cong
thirc tinh truyén nhiét qua véch:

[Wim] (6)

Trong do:
- U1 = 27211 12 chu vi mat bén trong vach tru ¢6 canh;
- F2: dién tich mat ngoai ctia 1m dai vach try c6 canh.

So sanh cong thirc tinh truyén nhiét qua véach tru co
canh theo tai liéu tham khao [3] va cong thic tinh truyén
nhiét qua vach tru c6 canh duoc dé xuét theo phuwong phap
tinh méi (6) & dy, ta thiy hai cong thirc c6 sy khac nhau &
thanh phﬁn ban kinh r, va ban kinh re.

Dé giam bt sai s giita hai cong thirc tinh, ta tinh todn
TDN theo cong thirc (6) trong cac bai toan tinh truyén nhiét
qua vach try cé canh. Trong cong thirc tinh d6, rc s€ dugc
xac dinh tuy theo tirng bién dang canh cua vach. Ngoai ra,
dé tang thém muc do chinh x4c ctia phuwong phép tinh méi
nay, trong cac phan tinh toan cho cc dng c6 bién dang canh

cuthé, ta phai di tinh cho dugc dién tich bé mit xung quanh
F2 ciia ong c6 canh.

3. Tinh truyén nhiét qua cic dng vach tru cé canh doc
thén [5]
3.1. Vich tru c6 canh doc thin

Cho vach try dong chit ¢ chiéu dai L(m), hé sb din
nhiét M(W/mK), mit trong 1a mat try tron c6 ban kinh r1(m),
trao d6i nhiét phirc hgp vi méi chat mot c6 nhiét do tr(°C),
hé s6 toa nhiét phirc hop tir moi chit dén bé mit trong vach
13 0y (W/m2K). Mt ngoai véch tru ¢6 canh bd tri doc theo
than, phuong trinh bién dang canh trong mit phang vudng
g6c véi truc cla vach la r = r(g), véi 9€[0;2n] (trong hé
toa dg cuc), mat ngoai trao ddi nhiét phure hop véi moi chét
thir hai c6 nhiét do tp(°C), hé sd toa nhiét phirc hop 1a
o2(W/m2K), mit trong van 1a mit try tron duoc trinh bay
nhu hinh vé& 3 bén dudi:

r=r(p), pel0: 27]

]

Hinh 3. Vich tru canh doc va mdt cdt vuéng goc tru
3.2. Ldp céng thirc tinh truyén nhiét qua vich tru cé
cdanh doc thin
Str dung phuong phéap tinh méi nhu da trinh bay ¢ trén,
ta tinh dugc dong nhiét trao doi qua vach try cé canh doc
than nhu sau:

ty-t 7
L 1fl f2r 1 Ki.(tn- te), [WIM] (7
4+~ Int+
U 2TAh [ oy,
Trong do:

- ki hé s6 truyén nhiét ctia 1m dai vach tru c6 canh doc:

1
k|:[ ! +1.Inr°+1]  IWImK] ®)
.Uy 2mh

L Oy,

- Ie: 1a ban kinh twong duwong clia mat ngoai vach tru co
canh doc, [m].

V (r(e)

Hinh 4. Quy doi vach try c6 canh doc thanh vach tru khong
canh co cung chiéu dai, ban kinh mat trong va thé tich
Ta xac dinh rc bang cach quy dbi vach tru c6 canh doc
thanh vach tru khong c6 canh sao cho chiéu dai, ban kinh
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mit trong va thé tich cta chiing bang nhau. Khi d6 rc laban
kinh mat ngoai cua vach try khong cé canh quy doi nhu
hinh v€ 4 & trén.
Goi V[r(p)] 1a thé tich vach tru c6 canh doc, V() 1a thé
tich vach tru khong c6 canh quy dbi, ta co:
V[r(@)]=V(),[m].
Mic khac: V(r,) = n(?- i7).L,[m°].

V(r(@)= (f, —m?).L ,[m%], v6i £ 1a dién tich mién
2n

phang c6 dudng bién la: fZ:% I 2 (0)de ,[m?]
0

= (f-2?)L=x@2- )L = 1, =\/E,[m] 9
T

Vi vy, trong nghién ciru ndy ta dé xuat cong thiic xac
dinh rc theo dang: = \/E [m].
T

4, AP dung phwong phap tinh méi dé tinh truyén nhigt
cac ong vach tru c6 canh doc than véi bién dang khac
nhau [5], [6].[ 7]

Véi cach tinh quy doi nhu trén ta tinh duge chu vi:
U, = 2, dién tich mién phang f; va ban kinh twong duong
rccta cac loai bién dang canh doc than nhu sau:
4.1. Ldp cong thirc tinh cdc dai lwong qua vach tru co
cdnh doc than voi bién dang hinh thang

- Hinh v& mit cat ngang, Hinh 5.

" ncéanh

Hinh 5. Ong vdch tru c6 canh doc than hinh thang
- Tinh chu vi dng uz (M):

2
U, =2, -0(8, -8, )+2n. /h2+(61_% ym

(10)
- Tinh dién tich f;, (m?):
£= 4 NGO oy (11)
- Tinh ban kinh tuong duwong rc (m):
r,= /r22+n(612+%,m (12)

4.2. Ldp céng thire tinh cdc dai lwong qua vach tru cinh
doc thdn voi bién dang hinh chit nhdt

- Hinh v& mit cat ngang, Hinh 6.

- Tinh chu vi ng U, (M): u,= 2ar,+2nh,m (13)
- Tinh dién tich f,, (m?): f,= mrZ +ndh,m? (14)

- Tinh ban kinh tuong duong rc (m):

(15)

~“ncéanh

Hinh 6. Ong vach tru cé canh doc than hinh chit nhat
4.3. L@p cong thire tinh cdc dai lwong qua vdach tru canh
doc than voi bién dang hinh tam gidac
- Hinh v& mit cit ngang, Hinh 7.

X ~ ncanh

Hinh 7. Ong vdch tru c6 canh doc than hinh tam gidc
- Tinh chu vi dng uz (M):

2
U, =2ar, -nd+2n., /h2+%,m (16)
ok dian 2. 2 hdh
- Tinh dién tich f5, (M?): f,= m? +m 17)
- Tinh ban kinh twong duong rc (m):
A LA (18)
2n

5. Tinh truyén nhiét cua cac loai 6ng vach tru ¢6 canh
xoan [5], [7]

5.1. Vich tru cé cinh xodn doc thin

Viéch tru ¢6 canh xodn 1a véach tru ¢6 canh duogc quén
nhiéu vong quanh mat tru bén ngoai.

Hinh 8. éng ¢6 canh xodn doc than

Néu cét vach tru canh xofn bdi mot mat phéng chira
truc cia vach ma ta c6 mit cit ngang canh 12 hinh thang thi
duogc goi 1a vach try canh x0&n hinh thang. Tuong tu, ta c6
véch tru canh xoén chit nhat, tam giéc...
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Ta xét vach tru déng chét c6 chiéu dai L, hé s6 dan nhiét
A, mit trong c6 ban kinh r;, moi chat 1 ¢co nhiét d0 t, hé )
toa nhiét oz. Mt ngoai ban kinh 2, ¢6 canh xoan hinh thang
(mit cat canh hinh thang c6 déy 16n 13 0, day nho 1a0,, chiéu
cao 1a h), budc xoan ciia canh 13 py. Mit ngoai trao ddi nhiét
phirc hop v&i moi chét 2 ¢ nhiét do tr, hé sb toa nhiét phirc
hop tir mat ngoai dén méi cht 2 14 oz (Nhu Hinh 9).

y
L 7h [
5| #ﬁ{
R/

N8

L 0,

0 nh
HINh 9. Truyén nhiét qua vich tru cé cdnh xodn hinh thang
5.1.1. Lap cong thirc tinh Q
Ta lap cong thirc tinh nhiét lugng truyén qua vach Q
khi vach on dinh nhiét nhu sau:
Q=Qu= Q)= Qg [W]- (19)

Sau khi tinh toan ta suy ra dugc cong thirc tinh dong
nhiét Q nhu sau:

_ th-tp (20)
Q=—7 1 o 1 /W]
+ In—=<+
a.F 2mL 1 o.F
-1
Pat =L+ ol b | kg (21)
a . 2nh 1 o,F

1a hé s6 truyén nhiét cua 1m dai vach tru c6 canh xoén, tir
do suy ra:i= Q = k,.(tg - tg,).L, [W]
Ta tinh di¢én tich mat ngoai vach try canh xo04n hinh
thang F, nhu sau:
F,= 21, L - Ly -8+ Ly u, [m?] (22)
Vi u la téng chidu dai cua cac canh bén va dy nho cia
hinh thang (day 16n0;, ddy nho 1a 5,) chiéu cao 14 h:

2
U= 5,+2, fthl'jz) , [m]

512 Ldp cong thikc tinh re

GOI rmm (rmm - I’z) Va rmax (rma)( - I’z + h) lan 11I0't la ban
kinh goc canh va ban kinh dinh canh Ta Xac dinh r¢ bang
cach quy dbi vach try ¢6 canh xodn thanh véch try khong
¢6 canh sao cho chiCu dai, ban kinh mat trong va thé tich
cta chung bang nhau. Khi d6 rc duoc tinh bang ban kinh
madt ngoai cua vach tru khong c6 canh quy doi dugc trinh
bay nhu Hinh 10.

V, =mZ.L+L,.f,[m] (23)

Trong d6 f 1a dién tich hinh thang (day lon 1a 51, day

nho 1a J,, chiéu cao Ia h),

(6, + 52) h

f= , [m?] (24)

=V, - nrlL—n(rC-rl)L =1, = f , [m]

(25)

Hinh 10. Quy déi vach tru cé canh xodn thanh vach tru
khdng canh c6 cung L, ban kinh ry, thé tich V>
5.2. Ap dung phwong phdp tinh méi dé tinh truyén nhigt

cdc ong vdch tru cé canh xodn doc thin véi bién dang
khéac nhau [5], [6]

V6i cach tinh quy ddi nhu trén ta xét thém cac loai vach
tru c6 canh xodn hinh chit nhat, tam giac trong d6 dién tich
F=2nyL , v6ir va L la ban kinh trong va chiéu dai cua
cac véch tru canh xodn.

5.2.1. Lap cong thirc tinh cac dai lwong qua vach tru co
canh xoan doc than véi bién dang hinh chir nhat

- Hinh v& mit cit ngang, Hinh 11.

Y h
L |

)

7777 L Py
| .

VA

1 r

0 nhh Nk

Hinh 11. Ong vach tru ¢é canh xodn doc than hinh chit nhdt
- Tinh dién tich ngoai 6ng Fa (M?):

F=2mt,L-Lyin .S+, .(8+2h), m? (26)
- Tinh thé tich V2, (m3):

V,=m L+L, .h.§, m? 27)
- Tinh ban kinh twong duong rc (m):

= r;&x%@ m (28)

5.2.2. Lap cong thirc tinh cac dai hwong qua vach tru canh
xoan doc than voi bién dang hinh tam gidc

- Hinh v& mit cit ngang, Hinh 12.
- Tinh dién tich ngoai 6ng F2 (M?):

K, =2nr2L-Lxmin.81+LX.2ﬁ , m? (29)
- Tinh thé tich V2, (m):
v, :nrzz.L+Lx.%, m?3 (30)
- Tinh ban kinh twong duong rc (M):
= m m (31)
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Hinh 12. Ong vach tru ¢é canh xodn doc than hinh tam gidc

6. Két luan

Ta thay rang, véi cac loai TBTBN c6 canh thang va
canh xodn doc than, chiing ta khong thé giai duoc bai toan
bang cach thong thuong dé tim duoc hé sd truyén nhiét k
dudi dang twong minh. Vi vdy, trén co s tinh truyén nhiét
qua véch try theo phuong phap mdi, ta tinh dugc hé sb
truyén nhiét k va mat do dong nhiét q ciing nhu dong nhiét
Q téng qua dng véch try, so véi phuong phép tinh truyén
thdng qua kiém ching c6 sai sb tir (4-6)%, day 1a két qua
¢6 thé chip nhan dugc. Pong thoi qua phuong phap tinh
maéi ndy, tic gia dd xay dung dugc c4c cong thirc tinh cho
vach tru c6 canh, ap dung dé tinh toan dién tich, thé tich

ciling nhu ban kinh tuong dwong cho vach tru ¢6 canh thang
va canh xoin doc than véi cac bién dang khac nhau nhu
hinh thang, hinh chir nhat, hinh tam giac.

Vi cach tinh nay, bai bao 1am co s& dé tinh toan qua trinh
truyén nhiét cho cac loai dng 16ng 6ng voi dng bén trong 1a
cac ong véch try c6 canh thing, canh xodn doc than mg véi
c4c bién dang khac nhau mot cach dé dang va thuan loi
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