TAP CHi KHOA HQC & CONG NGHE CAC TRUONG PAI HQOC KY THUAT & SO 70 - 2009
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TO DEVELOP A MATHEMATICAL MODEL WHICH ILLUSTRATES THE HEAT TRANFER
PROCESS OF THE LIQUID AS IT BOILS ON A VETICAL THIN FILM
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TOM TAT

Bai bdo trinh bay mot sb két qua nghién ciru vé viéc xay dung thi nghiém va dénh gia mét mé
hinh toén hoc mé ta qua trinh toé nhiét khi séi trén mang méng dat dimg va tng dung dé nghién ctru
mét sé yéu té dnh hudng téi hiéu qua tod nhiét clia co ché sbi trén mang méng cho thady: hé sé toa
nhiét & co ché séi nay I6n hon nhiéu so véi co ché séi trong thé tich Ién & cung do qué nhiét (pham vi
do qué nhiét nhd), cuong dé toad nhiét khi séi trén mang maéng téng theo chiéu day mang ban dau va
&p suét bao hoa, giam khi téng chiéu cao vach va trong gi6i han lam viéc cua thiét bj (3 <+ 10K) khéng
phu thuéc vao dé qua nhiét. Két qua tinh toén c6 dé tin cdy dap tng duoc yéu céu ky thuat va co thé
lam co s& cho viéc thiét ké, ché tao va diéu khién van hanh céc thiét bj céng nghé hoat dong theo co
ché séi trén mang méng.

ABSTRACT

This article presents the research results by setting up experiment procedures and evaluating
the mathematical model which describes heat transfer process of the liquid as it boils on a vertical thin
film and based on those results, research into some factors influencing heat transfer efficiency of this
boiling mechanism has shown that: heat transfer coefficient of this boiling mechanism is much greater
in the liquid of higher volume at the same overheat degree (with small range of overheat degree); heat
transfer coefficient when the liquid boils on a thin film increases as the original thickness of the film
and saturation pressure increase; it decreases as the heighth of the film increases, though within the
supporting range of the equipment (3 — 10K) independent of the overheat degree.The calculated
results own the reliability which responds to engineering requirements and can serve as the basis for
designing, producing and controlling the operation of technological equipments which work
accordingly with boiling mechanism on a thin film.

GIAI THICH CAC Ki HIEU I. PAT VAN PE
tw, ts [°C]: Nhiét do vach va nhiét do bao hoa i Déi Vo1 qua trinh s6i ngdp - qua trinh soi
201 NAAs AA 1 n pho bién trong cong ngh¢ va dan dung thi yéu
g [W/m'K]: Mat dg dong nhigt to chinh lam tang cudng qué trinh tda nhiét khi
A, A, [W/mK]: Hé sb dan nhiét ting va réi s0i 1a sy hinh thanh va tach li cac bot hoi lam
xdo tron manh khoi chat long trén bé mat dot
At [K]: B qua nhiét, At=1, -t noéng. Co ché da duoc nghién ciru rat ki ludng

ca vé li thuyét va thuc nghiém. Tuy nhién dé

21. 17 A X as A X X A cAL A
7 [N/m?]: Ung suat trugt tao ra co ché sbi ngdp can ngudn nhiét nhiét do

P [kg/ms]: Khéi luong riéng cao va d6 qua nhiét du lon. Trong thyc t& co
. ) nhiéu truong hop hodc khong cé kha nang tao
v, & [m?/s]: Po nhét dong hoc ting va rdi dugc do qua nhiét cao (do nguon nong coé nhiét

do thép, thi du khi st dung nang lugng mat troi
dé hoa hoi) hoic khong dugc phép tao do chénh
nhiét d6 16n dé bao dam yéu cau coéng nghé
) (chbng chay, khé...nhu trong cac thiét bj c6 dic
o [WIm?K]: Hé sb téa nhiét nudc hoa qua). So6i trén mang mong la mot giai
phap dé cuong hoa qua trinh hoa hoi khi d6 qua

4 [N/m.s]: PO nhét dong luc

o [m]: Chiéu day mang long
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nhiét bé. Thiét bi s6i trén mang moéng c6 nhiéu
vu diém: nhiét d6 trung binh trong thiét bi it
thay d6i; thoi gian luu lai ciia méi chat nho, do
tré nhiét nho; hé sd téa nhiét lon. Mic du da co
mot sd cong trinh nghién ciru ca vé li thuyét
[1,2] 14n thi nghiém [3,4,5,6]... di duoc cong
bd nhung cho téi nay van chua dua ra dugc
phuong phép li thuyet hay phuong trinh tiéu
chuan tong quat nao dé xac dinh dugc hé sd toa
nhiét khi s6i trén mang mong. Trong mot cong
trinh cong bd trudc ddy [7] ching toi da trinh
bay mot phuong phap tinh toan 1i thuyét qua
trinh truyén nhiét cho co ché s6i nay nhung do
han ché vé cac gia thiét phai chip nhan nén do
tin cay ctia két qua tinh toan chua cao.

Xay dung mot md hinh toan hoc dé
nghién ctru qué trinh s6i trén mang mong, kiém
tra do tin cay cua Kkét qua thu duoc dé tr do
danh gia hiéu qua téa nhiét khi s6i trén mang
mong ciing nhu cac yéu té anh huong chinh 1a
n6i dung ma bai bao s& dé cp.

I1. MO HINH TOAN HQC

Hinh 1. M6 hinh s6i trén mang mong tao thanh
ngoai bé mat ong dat dirng

Xét mot bé mat hinh tru thang dimg, co
ban kinh ngoai Ry, chiéu cao h dugc dt nong
bén trong, trén bé mit c6 mot dong chét 1ong &
trang thai bdo hoa chay bao lién tuc tir trén
Xuéng. Bé mat dot néng cd nhiét do t, > tq
truyén nhiét cho nuéc. Do nudc bay hoi nén
chiéu day mang bao nhé dan theo chiéu chuyén
dong. Vo bao bén ngoai cua khong gian bay hoi
¢o ban kinh Ry, chiéu cao h, c6 tac dung chin
hoi va cach nhiét (xem hinh 1).

V6i qua trinh toa nhiét dbi luu noéi chung,
phuong phap li thuyét dé xac dinh hé sb toa
nhiét 1a thiét 1ap va giai hé phuong trinh vi phan
gdm: phuong trinh toa nhiét déi luu, phuong
trinh chuyén dong, phuong trinh ning luong,
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phuong trinh lién tuc. Nusselt, nam 1916, voi
mdt loat gia thiét don gian hoa da thiét lap dugc
phuong trinh tinh hé s6 toa nhiét khi ngung
mang chay tang. Tuy nhién, khi mang chay r6i
thi qua trinh con xay ra phtic tap hon rat nhiéu
va phuong trinh ctia Nusselt s€ khong su dung
duoc.

D¢ xdy dyng mo hinh toén hoc, dudi day
s& chap nhan cac gia thiét sau: Qua trinh 6n
dinh va anh huoéng luc quén tinh cua mang
nude, tic dong cla stic cing bé mit, ma sat
gilta pha hoi va bé mit ngoai R, duoc xem la
nho dén muc co thé bo qua. Trén co s¢ cac gia
thiét nay s& tién hanh thiét lap cac phuong trinh
vi phan cho mang chit 16ng chay rdi trén bé mat
mang dat dung.

2.1 Phwong trinh cin bing lwc

Phuong trinh can bang luc cho khdi long
— hoi ¢6 tiét dién hinh vanh khan, chiéu cao
AX, ban kinh trong R; +y, ban kinh ngoai R, &
toa do x:

2n(Rl+ y)AX T+ (p + Ax.dp/dx)n[Rg -

(R, +y) ]
—n[R (R, +y) }p+ngVe +gpV,

)
R, +5)° Jax

Trong d6: V n[Rg—
R +y JAx Vs

= an
|:R§ ° (R1 +y)2}[gp, - jz:l + |:R§ - (Rl +8)2:|g(pe 'pl)
2(R, +y) )

Trong dong chay r01 do hau qua cua cac
chuyén dong dao dong roi nén xuat hién thém
mg sudt tryot rdi [8], ung suat tong gdm 2
thanh phan la Gmg suat trugt ting va Gng sut

trugt rdi. 7 = p(v+€)8a)x /oy (3)

Trong d6, @, 1a toc do trung binh (theo

thoi gian) tai x.

’ Tu (2) & (3) suy ra phuong trinh profil
toc do:

1€ [z lpvy gV (1-ps/p))y] dy (4)

e
x
o'—.~<
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va luu luong khéi lugng tmg v6i 1m chu vi:

© t1t g P
M =fp.f—{—w - —(1 - —Gjy} dydy (5)
o of [PV VY P
Trong d6: " =1+&/v 1a hé s6 trao doi rdi.
O céc truong hop gidi han, hé s nay ¢
gi4 tri: - Chay tang hoan toan: " =1
- Chay rbi hoan toan: /v >>1=¢&" =¢g/v
2.2 Phuong trinh cin bing ning lwong
Do theo phuong y toa nhiét bang ddi luu
trong mang mong so v6i dan nhi¢t 1a khong
dang ké nén mat do dong nhiét truyén tir bé mat

vach dén bé mat chat 1ong tiép xtc voi pha hoi
duoc xac dinh theo:

q=—(n+2)dt/dy (6)

St dung céac khai niém: “hé s6 dan nhiét
do r6i” g, =A, /pC, va “tiéu chuan Prandtl

A9y

o1
a=q/(t,

thire tinh hé sé téa nhiét khi chat 1ong sdi trén
mang mong:

Pr.=¢l/g,va hé sO toa nhiét quy dan

—t, ) két hop véi (6) ta co cong

6 _1
a=/1/j(1 +Pr(e" - 1)/Pr,) dy (7
0
2.3 Hé sb trao ddi roi

Dé xac dinh hé sb toa nhiét theo (7) can
biét hé sb trao ddi rdi &' va tiéu chuan Prandtl
roi cua mang chat 1ong.

Tuong tu nhu d6i v6i dong chay ri trong
6ng, mang long ri trén vach dung cting dugc
xem nhu gom 3 vung: vung dém tang sat vach,

viing chuyén tiép va ving roi hoan toan & ngoai
cung. Moi vung c6 cac dac tinh [8]:

- Ving dém ting sat bé mat 0< y* <5:

" =1 [8] (trong d6 y* 1a khoang cach khong
tha nguyén: Yy = /v, =z, /p.(YIV,)).

Vung ndy c6 nhiét do thay dbi tir t,, dén t; va hé
s toa nhiét trung binh &, theo (7)
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s/C

al:ﬂ/J‘dy:C/ﬁIS 8)
0

Ving chuyén tiép:5<y" <30, theo

Prandtl: " =3,05+5In y" [8], (trong d6 "
téc do khong tht nguyén: o' =@,/ m,). Két
hop v&i phuong trinh (4) ra:
g =y "/5=cy/5 . Ving niy c6 nhiét do thay
d6i tir t; dén t, va hé s6 toa nhiét «, , theo (7):

30/c 21\t
aZ:/L[ [ (1+Pr(%y—1j dy] )

5/c

ta ruat

- Vung rbi hoan toan: 30 < y* <5™*:

7. = px2.y? (de, 1 dy)’[9]. Két hop vi

(3) va (4) ta tinh duge &* va hé s6 toa nhiét ,

cho vung chay roi ngoai cung c6 nhiét do thay

doi tir t, dén tg;:

A (10)
dy

[1—gyJ(2-pry2)
1-Pr+Pr

—p i +4gp PRy (S - Y)

0y =5

30/C

Khi thanh 1ap cac cong thuc (8), (9), (10)
tinh chét vat 1y ciia mang 10ng dwoc xem nhu 13
khong dbi va Pr, dugc gia thiét bang 1. Gia thiét
nay ciing di dwoc nhiéu tac gia chap nhan khi
nghién ciru mang ngung [1]. Viét phuong trinh
can bang nhiét cho ca 3 ving ta thu dugc cong
thire tinh hé s6 toa nhiét cia mang long:

_ts) = (0(1

III. KET QUA TINH TOAN VA PANH GIA

a=ql(t, o, +a, —1)7l (11)

Céc phuong trinh tich phan kha phuce tap
va do chua biét chiéu day mang cu thé ¢ cac vi
tri khac nhau cua Vach nen ch1 c6 thé giai chung

.....

tir trén xuéng. Ung VO’l chleu day mang ban dau
ta xac dinh dugc hé s6 toa nhiét «, . Chia chiéu
cao vach thanh cac khodng nhé, mdi khoang c6
chidu cao AXdu nho dé co thé xem 1a co cac
thong s6 vat li dong nhat va c6 hé sb toa nhiét
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a; va chiéu day mang &, khong déi. Khi ra
khoi phén t6 thir i va di vao phan té i + 1, chiéu
day mang bang &,,, dugc xac dinh tir phuong

i+1

trinh can bang chat cta phan 6 i:

M., =M, —a,AXAt/r (12)

Tai mdi phan tir, chiéu day mang long
duoc chia thanh 3 ving (nhu hinh 1) d¢€ tinh
tich phan theo cong thurc twong ung.

Hé s toa nhiét trung binh trén toan bd
chi€u cao vach gom n phan tir dugc xac dinh tir

n
hé sb toa nhiét ctia timg phan tir: o =1/ nz a .
=
Dé tién so sanh, danh gia chung toi ciing
dong thoi tién hanh tinh toan dua trén cac quan
diém khac nhau vé mang roi, cu the:

* Theo Levich [8]: khi nghién ctru mang ngung
chay rbi, tac gia da nhan thay: dong hoi gy ra
mot ing suét truot trén bé mat mang lam tﬁng
hoa bé mit va dé xuét cong thirc tinh toan hé s6
trao doi rdi:

& ~1=6,62.10°Re"™" .gp (6 -y) /o
1/3 13
5= (Vﬁ / g) .0,169.Re?"?

* Theo md hinh 2 ving [10]: theo quan diém
nay mang dugc chia thanh 2 vung riéng biét.

+ Ving chay tang & sat bé mit:

0<y"<116: ¢'=1 (14)
+ Ving chay rbi:
y">11,6 1"+ 1=0,16p,y’do/dy  (15)

* Theo mo hinh mang chay ting va c6 séng trén
bé mat [2]: v&i dac tinh mang dang nay hé so
téa nhiét c¢o6 thé xac dinh theo:

-1

y l 1/2
Zilc r? 16
ﬂl (ZJZRTSJ £ (16)

- Pdnh gid dj tin cdy ciia két qud tinh todn:
Dé danh gia dd tin cdy ciia mo hinh toan
hoc, sau day s€ lan lugt so sanh két qua tinh
toan theo md hinh 1i thuyét véi két qua thuc
nghiém & cung diéu kién. Pong thoi ciing tién
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hanh so sanh két qua tinh toan cta cing mo
hinh nhung véi cac quan diém khac vé mang
chay r6i. Do chi c6 két qua thuc nghiém ddi véi
nuéc [6] nén mo hinh toan hoc ciing s€ dugc
mg dung dé tinh cho méi chét nay.

Thuat toan trinh bay trén day duoc lap
trinh thanh chuong trinh tinh toan sir dung ngon
ngit Matlab. Két qua tinh thir voi nhiéu do 16n
phan t6 khac nhau (Ax = 0,1; 1; 10 mm) sai
khac nhau khong déng ké nén dé giam nhe s6
budc tinh toan da chon AX = 10 mm cho tat ca
cac ché dd tinh toan.

Chiéu cao va duong kinh vach (h = 2,05
m; d = 32 mm) chinh bang chiéu cao va dudng
kinh vach trén d6 Slearenko [6] dd lam nghién
ctru thuc nghiém.

o [W/m?K]

25000

20000

STV 0422 SN SR S S—

10000

5000

1.1

15 19 23

8, [mm]
Hinh 2. Hé s6 téa nhiét khi nuée séi trén bé mat
mang mong (t; = 80°C, At = 3K)
o, : Mo hinh li thuyet;
o, Két qua thwc nghiém;
: Quan diém cua Levich;
o, . Mo hinh mang 2 vung;
05 - Mang chay tang & cé séng bé mat

Két qua tinh toan theo cic quan diém va
dic tinh mang khac nhau cho thiy sai khéc
nhau khé 16n (xem hinh 2) (16n nhét 1én t6i 20
lan). Két qua tinh toan theo md hinh i thuyét
sai 1éch so v6i két qua thuc nghiém 14 bé nhét,
dic biét khi chidu diay mang ban ddu trong
khoang 0,8-1,2mm, sai khac 16n nhit ciing

chi téi 20% (khi &, =1,9mm). Déi véi ddi
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tugng phtrc tap thi sai I¢ch nay 1a hoan toan co6
thé chap nhan dugc.

Nhu vay, mo hinh toan hoc cho két qua
tin cay dugc va co thé st dung dé nghién ciru,
tinh toan qua trinh s6i trén mang mong.

Mit khéc, voi d6 qua nhiét 3K, & co ché
s6i ngap chua thé xay ra ché do s6i bot do d6 co
thé thiy rang hé sb toa nhiét khi soi trén mang
mong 16n hon rat nhiéu khi soi ngdp & cing
diéu kién At (xét khi At nho).

- Anh hwong ciia mgt so yéu to dén qua trinh
$Oi trén mang mong:

Sau déy s€ img dung md hinh t6an hoc da
duge kiém ching dé nghién ctru mot sb yéu tb
anh huong téi qua trinh nudc sdi trén mang
mong.

+ Anh huong ciia chiéu diay mang ban dau &,
va do qua nhiét At : Két qua tinh toan ddi vai: h
=2,06m, t;= SO?C O cac d§ qua nhiét va chiéu
day mang ban dau khac nhau dugc trinh bay
trén hinh 3.

Tir hinh 3 thdy rang: Khi cac diéu kién
khic khong d6i, o ting khi O, ting va At

giam. Khi & ting, 7,, ting, @ ting dan dén
chiéu day ving chay rdi tang, chiéu day 2 ving
con lai giam, ma nhit tr¢ ving chay roi khong
dang ké so véi vung chay tang va vung chuyén
tiép nén dan dén viéc cuong hoa qua trinh toa
nhiét ciia mang.
o [Wm?K]
q [Winr']
125000 1

105000
85000 4
65000
45000

25000

5000

0 05 1 1.5 2
8, [mm]

Hinh 3. Anh hwong ciia S,va At

Ngugc lai, khi At ting, mat do dong
nhiét ting lam chidu day trung binh giam va
qua d6 lam giam ¢« . Tuy nhién, khi At >3K
thi d6 qua nhiét gan nhu khong anh hudng téi
hiéu qua téa nhiét (xem hinh 5). Trong thuc té
tly thudc vao loai méi chat nguoi ta chi sir
dung At=3+10K [8] d& c6 d6 qua nhiét du
16n va tranh viée tao bot & trén bé mit vach s&
lam giam hiéu qua toa nhiét nén co thé thiy At
khong anh hudng toi hi€u qué toéa nhiét cia co
ché sbi trén mang mong.

+ Anh huéng cua chiéu cao vach (hinh 4): Khi
h tang s€ lam hi¢u qua téa nhi¢t giam, tuy nhién
khi h nho, téc d6 giam 16n hon va dén mot do
cao nao nhat dinh thi h hau nhu khong con anh
huong toi cuong do téa nhiét nita. Piéu nay phu
hop voi két qua nghién ctru téa nhiét dbi luu tyr
nhién trén vach ong.

+ Anh huong cta nhiét do soi t;: Két qua tinh
toan anh huong cua t; & &,= 0,5 mm trinh bay
trén hinh 5 cho thay do sy thay ddi tinh chat
nhiét vat Iy nén khi t; tang thi o ting, nhung
hi€u qua tang nhiét do soi khong 16n (chua toi
2%).

IV. KET LUAN

Mo hinh toan hoc dap umg dugc yéu cau
dat ra 1a cho phép tinh toan qua trinh téa nhiét
khi chit 1ong s6i trén mang mong véi két qua
¢6 d9 tin cay dap tmg dugc yéu ciu cua céc tinh
toan ki thuat.

21000

20000 | ¥
19000 44t
18000 1

17000 4

Heé 58 tda nhist [W/m2K |

16000 -

15000

5 5 5
Chiéu cao véch [m]

Hinh 4. Anh hudng ciia chiéu cao véch (khi
0,=0,5 mm, At = 3K)
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Ung dung md hinh @& nghién ciru mot s6 20000
yéu t6 anh huéng téi co ché sbi trén mang o 13500 1
moéng cho thay hé s6 téa nhiét & co ché soi nay R4 19000 T
16n hon nhiéu so véi co ché soi trong thé tich E 18500 -3
16n khi c6 cung d6 qua nhiét (& pham vi At = 12000 4
nho), cuong do toa nhi¢t khi s6i trén mang E 17500 -
moéng tang theo chiéu day mang ban dau va ap =
suét bio hoa, giam khi tang chiéu cao véach va e 17000 7
trong gidi han lam viéc cua thiét bi thyc té (3 “E 16300 Je--be-e :
+10K)) khong phu thudc vao d6 qua nhiét. T 1111 SR S iy s, AR
Mo hinh toan hoc trinh bay trén day c6 L i S e
thé ung dung dé tinh toan qua trinh téa nhiét khi 15000 —t
s0i cta nhiéu loai chit long va dung dich khac o1 2 3 4 5 &

nhau lam co s& cho viéc nghién ctu thiét ké,
ché tao va diéu khién van hanh t6i vu cua cac
thiét bi cong nghé hoat dong theo co ché soi Hinh 5. Anh hudéng cia nhiét @6 séi
trén mang moéng

D% qua nhiét vach [K]
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