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TOM TAT

Bar béo dé cép dén van dé xay dung mé hinh toén hoc cia qua trinh sé1 trén mang bén trong
bng nhiét trong tnrdng c6 bé mat nhan, dal théng dirng. Trong mé hinh ndy, sy 8nh hudng cla ing
suél truot trén bé mat phan pha dén hé s trao doi nhiét déi fuu trong qué trinh s6i trén mang sé duoc
xem xél va danh gid Viéc két hop 2 qua trinh so1 Irén méang va s6i ngdp cho phép dua ra mol phuong
phép ly thuydt xdc dinh hé s6 trao dér nhiét ddi luu trung binh cua toan b6 phén s6i Céc két qua tinh
toén dua trén mé hinh toan hoc duoc xdy dung c6 do sai léch chdp nhan dugc so vér cac cong thic
thyc nghiém dang dupc sudung phé bién hién nay. Day 12 lién dé cho viéc nang cao do chinh xac trong
tinh toan, thiét ké dng nhiét loai ndy.

Tir khoa: Sé1 ngap, s61 trén mang, dng nhiét.
ABSTRACT

The article presents the development of a mathematical mode! of the fiim boiling process inside
the vertical gravity heat pipe with smooth surface In this model, the influence of interfacial shear stress
between liquid film and vapor flow to convective heal lransfer coefficient in the film boiling process vall
be considered and evaluated. The combmanon of the flooded and fim boiling processes allows lo
develop a th I method to the ge co tive heat transfer coefficient of the boiling
section. The calculated resulls based on this mathematical model have acceplable deviation from the
correlation which is widely used today This is a prerequisite for improving the accuracy of the calculation
and design for gravity heat pipe

Keywords: film bolling, flooded bolling, heat pipe

Cdc ky hicu s dung rrong bai bio i. MO PAU

CNBiar dé [0

v Nh:'a ‘fo' el Ong nhiét 1a mot phin tir truyén nhigt o
u Toc dg. [m/s] khi nang truyén di mot nhigt hugng 16n v6i mét
j: Do nhét dong Iye hoc. [Ns/m?] d6 chénh nhiét do nho. O phan s6i cua dng nhigt,
8: B day mang chat long, [m] mai chat nhan nhiét va chuyén tir pha long thanh
pha hoi. Méi chit chu)en déng sang phin ngumng
do chénh léch ap suat va sau khi nha mét luong
nhiét, méi chdt duge ngung ty lai tai day. Chit

v Ung sudt tnrgt, (N/m?]
@ Hg sd trao déi nhiét ddi luu, [W/m*K]

T: Luu lugng moi chat trén Im chi¢u ngang, long neumg ty duge dua vé phan séi dudi tic
[kg/ms] . i dong cua ngoai lyc ma cu thé 1a hre trong trudng
ie: Nhiét an chuyen pha long — hoi, [J/kg] déi vai ény nhiét trong trudng Vin dé xéc dinh
Re: Tidu chuan Reynold chinh xéc h¢ 56 toa nhiét ddi lwu khi s6i va ngung
¢u: Nhiét dung riéng déng dp {J/KgK] bén trong ng nhigt 1a diéu kien tién quyét dé

nang cao dg tin cdy cua viéc tinh todn. (hiét ké

L: Chiéu dai viing soi
féu dai ving s [in] ong nhiét [1],[2]. Nam 1962. céng thiuc thyc

Ciic ky' hi¢u chan nghiém xdc dinh h¢ 56 trao doi nhigt ddi luu khi
i: vy tri phan pha s: bdo hoa s6i trong 6ng nhiét 1an dau tién d3 duge dé xuit
1: long p: sOi ngap boi W.M. Rohsenow. Dén ndm 1979, Imura da
\v: hoi f: s6i trén mang, dura ra mot cong thire thye nghiém khac c6 do
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DETERMINE THE CONVECTIVE HEAT TRANSFER COEFFICIENT INSIDE
BOILING SECTION OF VERTICAL GRAVITY HEAT PIPE
XAC BINH HE SO TRAO BOI NHIET BOI LUU BEN TRONG PHAN SOI
CUA ONG NHIET TRONG TRUGNG THANG BUNG
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TOM TAT

Bai bao dé cap dén vén dé xay dung mé hinh lodn hoc cia qué trinh s6i trén mang bén lrong
6ng nhiét trong Irut‘rng ¢6 bé mat nhén. dat thang dung. T/ong mo hinh nady, sy anh hudng cua ung
suat ot trén bé mat phan pha dén hé sé trao dor nhiét dor luu trong qua trinh s6i trén mang sé duoc
xem xél va dénh gia Viéc kél hop 2 qud Irinh $6i lrén mang va s6i ngap cho phep dua ra mot phuong
phap ly thuyét xac dinh hé sé trao doi nhiét doi luu trung binh ciia loan bo phan sér Cac két qua tinh
toan dura trén mé hinh todn hoc dugc xdy dung co do sai léch chdp nhan dugc so véi cac cong thic
thyrc nghiém dang duoc st dung pho bién hién nay. Day 14 lién dé cho viéc néng cao dé chinh xéc trong
tinh todn, thiét ké dng nhiét loar ndy.

Tirkhoa Sé1 ngap, sé1 trén mang, éng nhiét.
ABSTRACT

The article presents the development of a mathematical model of the film boiling process inside
the vertical gravity heat pipe with smooth surface In this model, the influence of inlerfacial shear stress
between hquid film and vapor flow to convective heal lransfer coefficient in the film boiling process will
be d and luated. The on of the flooded and film boiling processes allows (o
develop a theoretical method to determine the average convective heat transfer coefficient of the boiling
section. The calculated resuits based on this mathematical model have acceplable doviation from the
correlation which 1s widely used today. This is a prerequisite for improving the accuracy of the calculation
and design for gravily heat pipe

Keywords: film boiling, flooded boiling, heat pipe

Cdc ky* higu sir dung trong bai bdo 1. MO PAU

- HR 0, N N

t Nhiét d, [*C] Ong nhigt 12 mot phin t truyén nhiét co
uz Toc dg, {m/s] kha nang lruyén di mét nhiét luong lcm vai mot
w: DG nhét déng Iy hoc. [Ns/m?) dé chénly nhiét d§ nho. o} phan s0i ctia dng nhigt,
5: D6 day mang chat lang, [m] mai chat nhan nhi¢t va chuyén r pha long thanh

pha hoi. Mai chdt chuyén dgng sang phin ngung
do chénh léch ap suat va sau khi nha mét lugng
nhiét, mé1 chét duge ngung ty lai tai déy. Chat

1: Ung sudt trugt, [N/m?)
a: Hé $8 trao déi nhi¢t ddi luu, [W/m K]

F: Luu hwong moi chat trén Im chiéu ngang, 16ng ngung ty dugc dua vé phin s6i dudi tac
[kg/ms| . dong cua ngoai lyre ma cy thé 1a lyc trong trudng
ez Nhigt an chuyen pha long — hoi, [J/kg] ddi véi dng nhigt trong trudng. Vin dé xac dinh
Re: Tiéu chudn Reynold chinh xdc he 50 toa nhigt di luu khi s6i va ngiumg
¢p: Nhigt dung riéng déng ap [J/kgK) bén trong dng nhiét 1 di¢u kién tién quyét dé

nang cao dé tin cdy cua viéc tinh todn. thic ké

o s
Chicu dai viing sdi [m] éng nhiét [11,[2]. Nam 1962, cong thic thue

Cac ky hiéu chan nghiém xac dinh hé s6 trao déi nhiét déi luu khi
it vj tri phan pha s: bdo hoa s6i trong ong nhiét Jdn dau tién da dugc dé xuat
I: long p: s6i ngdp bai W.M. Rohsenow. Dén nm 1979, lmura d3
v: hai f: s6i trén mang dira ra mgt cdng thire thye nghiém khac c6 do
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Trong d6:
Ly plei-p)e
C = : C,=
A -1) A

G,

Phuong trinh (11) cho phép xac dinh quan
hé gira chiéu day mang chat long & va toa d¢ x,
lay doc theo chneu chuyén déng clia mang chat
long va c6 goc dugc tinh tir diém bit ddu cua
phan soi. trong vang séi trén mang. Khi xdc djnh
duge chidu day mang chit long, hé sé a0 doi
nhigt déi lwu khi séi trén mang dugc tinh theo
cang thrc:
o= M8 (12)
HE s6 trao d6i nhigt déi Ity trung binh trén
doan dng c6 hign tugng sdi trén mang durge xéc
dinh theo ¢ong thuc sau:

(13)

2.2. M6 hinh todn hoc cia qué trinh séi ngip
PN £ A
¢ phan ddy ong nhidt

Heé s6 trao dbi nhiét cia qud trinh soi ngdp
duge xde dinh theo cac cong thire thyre nghiém
(" Bean

[ wapxcs |

Gia thiét 5 :

Xacdwhu, Mtheo '
_ phuong irinh (8),(8) -

refy
Xécdrhu, v theo |
phuong tnnh (5). (6)

Grér phuong trinh (10) xdc
: dinh ¢

khac nhau. Cac cong thire niy c6 hé 1im thdy
trong céc s6 tay tra c(ru. Trong nghién ciru nay,
dé don gian, ta sir dung cong thirc thyre nghiém
cua M.A. Mikheev [6]:

u b-46A1”‘ o3 (14)

trong do,

+  p 14 &p sudt mai chat khi soi. [bar)
+  Ar=1, —1, 13 do qua nhiét, [°C)

2.3. Ung dung phuong phip sb gisi mé hinh
todn cua qu4 trinh séi trén mang bén trong
Sng nhiét trong trudng

Hé phuong trinh (7), (8), (9). (11) cho
phép xc dinh duoc chiéu day mang chit long tai
mot vi tri x bét ky. Qm do, gitip xéc dinh duqc
hé sé trao A6 nhiét d6i Iy o tai vi Ui x bt ky
va hg sb trao dai nhlu ddi huu trung binh oy trén
lDDI\ b6 chidu dai phnn $OI trén mang, x;. ctia unb
He phuong trinh ndy se duoc giai theo lun
d4 thugt todn dirge dé xudt trong bai bao v lrmh
biy trén hinh 3 vai & 1a dg chinh xac yéu chu (€
=107).

dinh S tais - xy

| Xac dinh 1, i x = x theo (9)
Tinh Q4 = hy, I, =d,

| e thea (13) - -

T - X~ Xpw

X Qufte A V(rd,)

abs(xmexg<e

Hinh 3. Liru d6 thudt todn xdc dnh chiéu diy  Hinh 4. Lieu d6 thudt todn xic dink chicu dai ene

mang chat long i vj tri x

vimg s6i trén mang
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O ché d6 én dinh, sy lién hé gitra vang s6i
ngap va viing s&i rén mang duge thé hign qua
phuang trinh can bing chdt. Theo do. hugng chit
16ng (W viing soi trén méang di vao ving soi ngap
$& can bing lugng hoi duge sinh ra trong ving
561 ngdp. Thuat toan 13p trinh bay trén hinh 4 s&
givip xac dinh chiéu dai vang soi trén mang nay.
3. KET QUA VA THAO LUAN

bé danh gi4 d§ chinh xac coa mé hinh
104n, la 5 tién hanh so sanh c4c két qua thu duge

v6i cac két qua tinh 104n ur cac cong thirc ly
thuyet va thye nghiém hién co.

o
s SV

Chiéu ddy mang nuoe ngung. (m]

Chitu ddi vung 81 (m]

Hinb 5. Plin bi chiéu déy mang mege trong vie
SOi trén mang

Két hgp véi mé hinh soi ngap, syrthay déi
cua hé sé 10a nhigt ddi Iuu trén toan bo chidu dai
ving soi duge the hién trong hinh 6. Trong viing
561 trén mang, hé sé trao d6i nhiét déi luu tang
dn theo chiéu dai viing s6i va dat gid trj 16n nhat
tai vy tri dmnd 1idp gitra vang soi trén mang va
s6i ngap do chiéu day mang nudc giam dan. Bt
diu tir vi tri nity. qua trinh 56 ngap dién ra din
dén hé 56 trao ddi nhiét ddi ru giam manh.

Piém khac bigt cua mé hinh toan hoc ma
bai bao da xiy dimg so vdi mét sé cong thire thyc
nghi¢m hién ¢o la khd nang danh gid duge anh
huong cia chicu dai ving soi ngdp va vang soi
trén mang dén hé sb trao i nhiét déi lwu trung
binh trong phén s6i.

Dé danh gi4 d6 chinh xéc cia mé hinh, két
qua tinh 104n hg s6 trao déi nhiét déi ru trung
binh cho toan bo phan séi theo cdng thire thuc
nghiém ctia Imura cho trudng hop hrgng nap nho

7

Xér phan s6i cua mt dng nhiét trong
trudmg, g5t ding co chiéu dai 12 | m, dudng kinh
trong 0,01 m, sir dung moi chét 1a nuéc Gia thiél
ahiét 46 hoi bao hoa va nhigt dg véch ong tuong
(mg 14 100°C va 110°C. Chiéu day mang nude di
ra khoi ving doan nhiét duge ldy ban dau la
3, =0.00012 m. Swrdung cac thudl todn da trinh
bay & trén, ta xéc dinh duge chidu dai ving s6i
trén mang va vong séi ngap tuong (ng la
x, =0.5497m vA x,=0,4503m. Sy thay ddi

cua chiéu ddy mang nude trong viing soi rén
mang duge thé hién trong hinh 5.

i

|

|

| H
ing $6. marg v 900

-
r

LR ——

He 30 Uan dot nhiet dol luw. [Wim2K]

e
—— orer ne

Y] m i [ [

Chibu dal vung s, (m)

anh 6. Sie thay dor hé $6 trao doi nhwét déi e
theo chicu dai phan soi

[7] da dugc sir dung. Cong thire thye nghiém clia
hmura duge vict nhw sau:

P8 2030 7gc 2g00 ’, 03
@, = 0'32'T e
PR P
trong do: 7, =lbar 14 ép suat khi quyén.

Bang 1 Hé s6 traw doi nhiér déi hau 1rung bink
cho 1oan b6 phan 561 tink theo mo hinh ctia bai
hao va cong thire thiee nghiém ciia Imura

Chiéu day H¢ 56 trao doi nhiét | Chénh
mang meoe, doi hru, [Win'K] léch,
68, [m] Imwra | Mo hinh | [%]
bai bdo
0.00010 9729.6 -1.97
0.00011 93534 -5.76
0,00012 9924.7 8801.8 | -11.31
0.00013 8048.1 | -18.91
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Nhu duge trinh bay trén bang I, chénh
l¢ch gitra két qua tinh todn hé s6 trao i nhigt
@i luu trung binh theo mo hinh cia bai bio va
cong thire thyc nghiém coa Imura cho véi céc
trudng hgp 8, =0,00010m va &, =0,00011m
1An Juot 12 -1,97%, va -5,67%. Chénh léch nay |a
do m hinh ctia bai bao da ké dén anh huang coa
ing sult ruot, din dén chigu day mang soi tang
lén va h¢ sb trao déi nhiét déi heu trung binh
giam di. Ciing can hru y & déy 12 hai trudmg hop
vira @& cap duge tinh cho truomg hop luong nap
nho va chénh léch khéng qué 6% da cho thdy d¢
tin cily cia md hinh tinh todn dugc xay dymg. Khi
lgng nap tang 1én nhur trong 2 trudng hop con
1ai, thé hién trén bang 1, chénh léch gia ket qua
tinh todn theo mé hinh cua bai béo va theo cong
thiic thye nghiém coa Imura lén 16i -18,91%.
Biéu ndy cho thay anh hudng cia luong nap dén

chiéu day mang s6i cimg nhu hé 56 trao ddi nhiét
46i luw trung binh cho toan bo phén sbi 14 khong
nhé va da duge ké dén trong ma hinh ciia bai bio.

4, KET LUAN

Vige két hgp mé hinh todn hoc cua qud
trinh trao déi nhiét khi s8i trén mang va s6i ngip
trong phin s6i cia éng nhigt trong trudng dat
diing cho phép xac dinh duge hé s6 trao ddi nhiét
dbi hwu khi sdi v6i anh hudng khéng nho cua
luong nap. Két qua so sanh hé 58 trao déi nhiét
46 luu trung binh tinh theo mé linh cua bar bao
va cong thic thue nghigm cua Imura. hi¢n dang
duge su dung pho bién cho trudng hop luong nap
nhé [1] da cho thiy mé hinh duge xay,dyng trong
bai bdo du d§ tin cay dé stir dyng trong cdc tinh
toén ky thugt. Bdy chinh [2 uén dé cho vige xdy
dymg ma hinh toan hoc hoan chinh cia Sng nhigt
trong trudng.
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