BAI BAO KHOA HOC

TOI UU HOA THIET KE BQ NGUNG TU CUA ONG NHIET
DANG VONG KiN SU DUNG MO HINH SO MOQT CHIEU

Phan Binh Nguyén'

Tém tat: Nghién civu nay thuc hién toi wu héa chiéu dai bé ngung tu ciia éng nhiét dang vong kin
dua trén gioi han vé chiéu dai téi da cia né, nhiét do t6i da cia nguén nhiét, hay diéu kién ngung
tu. M6 hinh s6 mét chiéu, gia thiét nhiét chi truyén theo mét phwong va bé qua céc phwong con lai,
duoc sir dung dé thuc hién tinh todn. Dé thuc hién viéc t6i wu, mét luu do thudt toan méi dugc dé
xudt bé sung ba diéu kién vé chiéu dai ong nhiét, diong kinh 16 xop, va gidi han nhiét @ ciia nguon
nhiét bén canh cdc diéu kién khdc vé can bang ndng lwong nhiét va diéu kién vé dp sudt trong ong
nhiét. Khi chay mo hinh 56 nay dam bdo sw hoi tu va cho két quad hop Iy mot cach dinh tinh nhuw
diéu kién ngung tu kém di thi can chiéu dai bo ngung tu Ién hon, hodc khi giam chiéu dai bé ngung
tu thi can cau triic xop véi dwong kinh nhé hon. Tuy vdy cdc nghién civu thue nghiém can dwoc thuce

hién ¢ budre tiép theo dé xdc nhdan chinh xdc hon nhitng két qua tinh todn nay.
Tir khéa: Ong nhiét dang vong kin, bo ngung tu, mé hinh s6 mot chiéu.

1. GIOI THIEU CHUNG

Ong nhiét dang vong kin (Loop heat pipe,
LHP) dugc st dung dé 1am mat hodc tan dung
nhiét thai kiéu thy dong va co sy chuyén pha
qua lai gitra 1ong — khi. C4u tao 6ng nhiét gom
c¢6 (1) bd bay hoi dé nhan nhiét, (2) bd ngung tu
dé phat tan nhiét va (3) cac duong van chuyén
chit 1ong/khi ndi bo bay hoi va bd ngung tu
(Ku, 1999). Trong bd bay hoi 1a mdt ciu tric
xOp hay con goi 1a bom mao dan, véi cac 16
rSng kich ¢& micro hoac thiam chi nano mét,
chta chét léng. Khi nhan nhi¢t tur nguén nhiét
can lam mat hodc tai st dung, chat long nay sé
bay hoi va dugc day dén bd ngung tu nhd vao
ap suat mao dan ctia cdu trac xp ma khong can
sir dung bom hay ngudn ning lwong bd sung
(thu dong). Tai bd ngung tu, nhiét tir hoi s€
duogc phat tan ra ngoai, hoi s& chuyén lai vé pha
léng va duogc déy trd lai by phan chira ctia b
bay hoi va cip cho cau tric x6p. Nho ap sut
mao din ma Ong nhiét co thé hoat dong trong
diéu kién chéng lai tc dung cua trong luc (Hinh

'Khoa Co khi, Truong Dai hoc Thuy loi

1). Ong nhiét dang nay duoc sir dung trong lam
mat cac thiét bi dién, dién tu trong khong gian
(v€ tinh) cling nhu cac thiét bi trén mat dat (6t0,
tau dién, may tinh, dén led, ...), cling nhu tin
dung céac nguén nhiét thai tir cac thiét bi dé s
dung cho cac muc dich khiac nhau (Nakamura et
al., 2016; Ku et al., 2012; Zhou et al., 2016).

Pé thiét ké va kiém ching hiéu ning lam
viéc cua 6ng nhi¢t, cdc nha nghién cuu da dé
xuit st dung cac md hinh sb khac nhau. Mot
trong s6 d6 1a mo hinh s6 mot chiéu md phong
trang thai hoat dong 6n dinh cua éng nhiét
(Watanabe et at., 2020). M6 hinh nay tuong dbi
don gian véi gia thiét 1a nhiét chi truyén theo
mot phuong huéng kinh cua dng, bé qua nhiét
truyén theo cic phuong khac, nhung hiéu qua
1a kha cao khi su sai khac giita két qua mo
phong va dit liéu thuc nghiém 1a khong nhiéu,
khoang mot vai phan trim. Mot s6 md hinh
phirc tap hon gdm: mo hinh s 3 chiéu cua bd
phan chira chat 16ng (trong bd bay hoi), md
hinh mang céc 16 réng 3 chiéu dé phan tich cau
trac x6p trong bd bay hoi, mé hinh sir dung
phuong phap chuyén pha tién tién Lattice
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Boltzmann d& mé phong truyén nhiét cua qua
trinh bay hoi, mé hinh 2 chiéu mé phong qua
trinh truyén nhiét va truyén khdi véi su thay
d6i pha trong ciu tric x6p (Nishikawara et al.,
2017; Li et al., 2019; Boubaker et al., 2016).

B bay hoi/
Binh chta (CC) B

Mic du dd c6 md hinh s 3 chiéu mdé phong
mdt phan dng nhiét (Shioga et al., 2020) nhung
cho dén nay van chua c6 mé hinh s 3 chidu dé
md phong toan bd hé thdng do tinh chat rat
phuec tap cua no.

Chp chit long

Céu tric Gée B
tiép xuc
- — Léng (chat
< : z : P 1éng lam viéc)
‘ | Ranh din hoi Nhiét vao l B e _’ T Rién (Chu tric xdp)
B6 ngung T~ Hei bio hoa
d
= = j Pudng kinh L_J (Nhiét dp lam viée)
Pudng dan Puong dan hoi 16 xop '
chit long B Nhiet ra Nhigt vao

Trong luc

a) Nguyén 1y hoat déng cuia dng nhiét dang vong kin

b) Vi tri tiép xtc clia ba pha: rin — Iong - hoi

Hinh 1. Nguyén Iy hoat déng ciia ong nhiét dang vong kin

Cac nghién ctru vé 6ng nhiét dang vong kin
tir trudc dén nay chi yéu tap trung vio tinh
toan, thiét ké, cai thién hiéu nidng cua by bay
hoi. Tuy nhién rat it nghién ctru tap trung vao
giai quyét van dé nang cao hiéu ning hoic toi
vu hoéa bd phan ngung ty. Chidu dai cia bd
ngung tu thuong duge chon 16n nhat ¢é thé theo
kich thudc thiét bi ddn dén lam ting kich thudc
ctia thiét bi ciing nhu ¢ thé kho ché tao hon. Do
d6 str dung bd ngung tu v6i chiéu dai thich hop
1a rat can thiét. Bén canh d¢ chifu dai cta bd
ngung tu anh hudéng dén kha ning tan nhiét
ciing nhu ton that 4p suat ciia n6 nén gian tiép
tac dong dén yéu cau ddi véi ciu trac xbp, cb
thé din dén kho ché tao hon. V&i xu hudng
ngay cang nho gon cia cac thiét bi dién, dién tir
ngay nay thi van dé thu nho cac thiét bi lam mat
ngay cang cap thiét.

Muc tiéu cua nghién cuu nay 1a tinh toan
chiéu dai t6i wu ctia bd phan ngung tu trong dng
nhiét dang vong kin trong nhimg diéu kién lam
viée xac dinh. Dé dat duogc didu do, tac gia s xay
dung mo hinh s6 mot chiéu va hru do giai thuat
mdi cho phép tinh dugc chidu dai thich hop cta
bd phan ngung tu trong nhiing diéu kién khac

nhau cua hé théng nhu diéu kién ngung tu, kich
thudc 16 xOp, nang luc ché tao dng nhiét. Nghién
ctru s€ tap trung vao md hinh hoéa va tinh toan
trude tién. Cac nghién ctru thyc nghiém s€ duogc
tién hanh & nhitng nghién ctru sau dé so sanh véi
cac két qua tir mo hinh tinh toan.

2. MO HINH SO MOT CHIEU CUA
ONG NHIET DANG VONG KIN

2.1. Trang thai pha cia chit léng trong
ong nhiét

Hinh 2 chi ra cac trang thai pha dién hinh ctia
chat léng tai cac vi tri trong 6ng nhiét (Ku,
1999). Tai vi tri s6 1, chét 1ong dudi tac dung cua
nhiét truyén tir bén ngoai vao s& bay hoi, nhiét do
cua hoi bao hoa tai vi tri nay dugc coi la nhiét do
lam viéc ciia hé théng. Do 4p sudt mao dan, hoi
duoc déy di trong ranh dan va nhan thém nhiét tir
bén ngoai trd thanh hoi qua nhiét (khong bao
hoa) khi bit diu vao duong dan hoi & vi tri 2.
Khi hoi di chuyén hét duong din hoi (vi tri 3),
nhiét d6 ctia hoi s& giam di do trao d6i nhiét gitra
duong dan hoi véi moi truong bén ngoai. Khi di
chuyén vao by ngung tu, do kha nang tan nhiét
t6t hoi qua nhiét giam nhiét do va trd lai pha long
(bdo hoa) & vi tri s6 4. Tur vi tri s6 4 dén vi tri 5
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trong bd ngung tu ton tai ca pha 1ong va pha khi
bdo hoa, qué trinh ngung tu két thic tai vi tri 5.
T vi tri 5 dén vi tri 6, chit léng bi lam mat va
khong con ¢ trang thai bdo hoa. Chat long tiép
tuc dugc ddy qua duong dan trd vé bo phan chira
& vi tri sO 8, tai day ciing ton tai ca hai pha long
va hoi (do nhiét truyén qua ciu trac x6p dén bo
phan chira) ¢ trang thai bio hoa. Chat 1ong thim
thiu qua cdu trac xop dén vi tri s6 9 dé nhan
nhiét va lap lai quy trinh nhu trén. Khi di chuyén
trong hé thong thi ton thit ap sudt xuit hién
twong Ung véi timg phan. Tong 4p suét ton that
trong dng nhiét dugc tinh nhu dudi day va phai
nho hon ap suit mao dan dé 6ng nhiét hoat dong
duogc (cong thirc 1-3).
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Hinh 2. Trang thdi pha cia chdt long tai cdc
vi tri trong dng nhiét (AP ton thdt dp sudt)

4ocosd
AP, == (1)
AP, = AF, + APy + APy + APy, + AP, + AF,,, 2)
AP, ., = AP, 3)

trong do AF,

cau truc xOp, @ suc cang mat ngoai cua chat

ap 1 4p suat mao dan tao ra boi

l6ng trong 6ng nhiét, 8 1a goc tiép xtc giira chat
long trong dng nhiét va bé mit cau triic xép, d
la du’ong kinh 16 xop, AP,_, 1a tong ap suat ton
thit (suy giam) ciia 6ng nhiét, AP e 12 ap suét
ton that trong ranh hoi, 4Py, 1a 4p suat ton that
trong duong dan hoi, AP, 13 4p sut ton that
trong bd ngung tu, AP;; 13 ap suit ton thit trong
dgéng dﬁn’chét long, AP, la ,ép §uét tén that qua
cau tric xop, JPQ,,L 14 4p suat ton that do trong
lyc. Tong &p sudt ton thit cang nho thi hiéu
ning ciia dng nhiét cang t6t.

Khi lugng nhiét can truyén di/lam mat 16n va
khoang céch truyén xa thi tong ap sut suy giam
cang 16n do dé cau trac xdp can c6 cac 16 vi x6p

Méi triedmg {(Amb)

CCe

. Chitlang l4m viec
Ba — Lout+=)----- s |
ngungty  see—— e _4ccin R
: A Cdutrugxop (W)
ing i L
V& bg bayhoi (EC) Ui —#$HE  baubnnhist

Lap cachnhia

Mo trudng (Amb

véi duong kinh nhé hon c& micromet hodc thaim
chi nhd hon nita. Tuy nhién, dudng kinh 16 nho
dan dén gia thanh san xuét cao, mic do tham
chit 16ng qua cdu trac x6p kém di, va néu chat
long cung cip khong du c6 thé din dén hién
tuong cau triic x6p bi kho va ng nhiét dimg
hoat dong. Vi vay tim dugc chiéu dai ti uu cua
bd ngung tu tmg véi kich thudc phu hop cua 16
xOp 1a rat can thiét.

2.2. M6 hinh s6 mét chiéu

Trong nghién ciru ndy, tac gia phat trién mo
hinh s6 mdt chiéu mé phong trang thai hoat dong
6n dinh ctia 6ng nhiét dwa trén mo hinh da phat
trién trudc day (Watanabe et al., 2020). CAu tao
cling nhu m6 hinh mach nhi¢t cua éng nhiét voi
b6 bay hoi dang phéang c6 trong hinh 3.

i

f;‘*}m‘\ﬂ | e Nhigr d6 tai teng vi i - Pl
§ e Truyédn ahidt/Din ohist - Nhift vao
- =
Viin T
Bo naunaly

Hinh 3. M6 hinh mach nhiét cua bo bay hoi — binh chira (CC)
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Phuong trinh can bang nhiét ngudn nhiét sir dung moé hinh mach nhiét nhu sau:

Qin = Crp—oc + Cro—ams 4)
Q?zb—ac = hhb—ac}lhb—ac (Thb - Tacj (5)
Qi‘zb—ac = Qac—w + Qac—ffc + '@Ec—gr + Qw—CC:'n + Qac—ﬁmb (6)

trong d6 @;, 1a nhiét vao. Qup—_.- 1a luong
nhiét truyén tir nguoén nhiét dén bd bay hoi.
Biop_oe VA Ay lan luot 13 hé sb truyén nhiét
tiép xac va dién tich tiép xic gitra ngudn nhiét
va bg bay hoi. @,._,. 12 nhiét bay hoi va duogc
tinh nhu sau:

QEC_'I.I'L' = hEC_I'L'AEC_UL'(TEC - Tb‘fj = m'l (7)
trong do6 A,._,. la hé sO truyén nhiét bay hoi
giita v ctia bd bay hoi va cdu trac xOp. A.._,,
1a dién tich tiép xtc giita vo ctia bd bay hoi va
cau trac xp. 1 toe d6 khdi ciia dong chay trong
b bay hoi va cac duong dan cua dng nhiét, A 1a
nhiét hoa hoi (nhiét an) ctia chét 1ong trong dng
nhiét. Cac hé sd truyén nhiét h,,__, and h_._,,
bi anh huong chi yéu boi cac diéu kién thuc
nghiém, vi du nhu chét luong bé mit cua nguén
nhiét va vo bo bay hoi, ap suét tiép xiic giira hai
bé mat, vat liéu din nhiét giira hai bé mat. Vi
vay nhitng hé s6 nay duoc dénh gia dua trén cac
s li¢u thi nghi¢ém. @.._.,. 1a lugng qua nhiét
cia hoi trong rinh dan hoi va dugc tinh toan
dwa trén truyén nhiét dbi luu cudng buc.
Qec—cce 1a luong nhiét that thoat tir vo bd bay
hoi d&én vo binh chira. @, _.r,. 1 lwong nhiét
that thoat tir vo bo bay hoi qua cu trac x6p dén
hoi/chét 1ong trong binh chira va dugc tinh toan
dwa trén ca truyén nhiét din nhiét va truyén
nhiét d6i lvu. Q.._,,» 13 luong nhiét that thoat
tor vo bo bay hoi ra moi truong. Lugng nhiét
thit thoat tir bd bay hoi ra dudng din hoi va

duong dan chét 1ong do din nhiét duoc bo qua
trong mo hinh nay

Diéu kién can bang nhiét danh cho binh chira
duoc thé hién nhu sau:

Qu-cein = Qecin-cece T Qecin—rrour ) (8)

trong d6 Qrrin—cce 12 lwong nhi€t that thoat
tir hoi/chat 1ong trong binh chira dén vo binh
chtra va duogc tinh toan dya trén ti 1€ ctia pha
khi trong mdi trudong hai pha hoi (khi)/long.
Qrein—1iowe 13 lwong nhiét that thoat tur
hoi/chét 16ng trong binh chira dén dong chat
long quay lai tir duong din chat long. Mbi
truong trong binh chtra cling nhu phan tiép
xuc cta vo bd bay hoi va cu trac xdp (diém 8
va 1 trong hinh 1) duoc gia thiét 1a ¢ trang
thai bao hoa.

Puong dan hoi, b ngung tu, duong din chat
léng dugc chia thanh céc doan nho véi s6 doan
thich hgp (Hinh 4). Phuong trinh nang luong tai
mot diém cé toa do (=) trong cac duong dan nay
nhu sau:

MCp S = G oy (T = T 9)

trong d6 G,y 1a d0 dan nhiét trén don vi
chidu dai giira cac duong dan hoi, chat 16ng, bd
ngung tu véi moéi truong bén ngoai, @ la goc
nghiéng ctia duong dan hoi/chat long theo
hudng chéng lai chiéu trong luc, va 1a f hé )
ma sat Darcy phu thudc ché do dong chay (chay
tang/chay roi)

A-A
Al «—2Z 44 & Mo trudng (amb) Tgpmp
1 -l M3t ngodi bongumg ty f e e e e 1
[ ] <« @] o i i e Nhigt o tai timg vi tri --- Péilw i
x e o o Thanh trong béngimg \ ) N |
A ! /?7 * * & Trong béngung tu T o Truyen nhiét/Dan nhiét <« Nhiétra i
' Vavtapphiet YY . TTTTTTmTmmmmmmmmmmmmmmmm T m

Hinh 4. M6 hinh mach nhiét cua b ngung tu

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 83 (3/2023) 15



Véi dong 2 pha, ton thit 4p sudt dugc xac
dinh dua trén phuong trinh Lockhart-Martinelli
(Chisholm, 1967). Ton that nhiét do tiép xtc
gitta dng ngung tu va vy tan nhiét dugc bo qua
do khong dang ké va khé xac dinh. Ché d6 dong
chay trong ving hai pha dugc gia thiét duy tri &
dang dong chdy hinh khuyén.

2.3. Giai thuat tinh toan

Hinh 5 chi ra luu d6 giai thuat cia mo hinh
sO trong nghién ciru nay. Pau tién cac thong sb
dau vao duoc thiét 1ap nhu nhiét vao, didu kién
ngung tu (trong tinh toan nay 1a d6i luu cudng
birc), thong sé hinh hoc cta dng nhiét. Tiép dén
chiéu dai bd ngung tu va duong kinh 16 xp
duoc chon so bd. Sau budc chon so bo nhiét 3
lam viéc va luu lwong khdi ciia dong chay la
budc tinh toan cac thong sb vat 1y ciia bo bay
hoi, dudng dan, bod ngung ty, binh chua. Tiép
dén 1a budc kiém tra diéu kién cén bang ning
lwong (1) tai ngudn nhiét va diéu kién can bang
ning luong (2) tai binh chira. Néu cac diéu kién
niy khong thoa man thi quay lai diéu chinh
nhiét d6 lam viéc va luu lwgng khoi cho dén khi
dat (hoi tu). Tiép theo 1a bude kiém tra nhiét do
ngudn nhiét, néu né nho hon nhiédu nhiét do gioi
han thi quay lai giam chiéu dai bd ngung tu va
nguoc lai néu 16n hon nhiét d gidi han thi ting
chidu dai bo ngung tu. Sau d6 1a bude kiém tra
chidu dai bd ngung tu. Hai budc ndy chinh 1a
diém moi ctia nghién cu nay gitp tinh dugc
chiéu dai t6i wu ctia bd ngung tu. Budc kiém tra
tiép theo 1a kiém tra ap suat. Cudi cing la dua ra
thong s6 cudi cing cia 6ng nhiét.

Théng s& dau vao:

Nhiét vao, Digu kién ngung ty
Nhigt d6 méi trdng, théng s hinh hoc
¥

Chont Ly l
¥

] Choni d
N

— Chon nhiét 43 lam viée so bd: T1 |

[

I Chon luu lwgng khéi clia dong chay: 1 !e——

Y

Tinh todn luong nhigt, nhigt 48, dp sudt lién
quan dén bd bay hot, ngudn nhiét, dudmg dan,
bd ngung ty

Kidm tra didu kidn can
bang ning fuong (2)

[ Thong sédaura ]

Hinh 5. Lwu do gidi thudt dé t6i wu héa chiéu
dai bé ngung tu va dwong kinh 16 xop.

3. KET QUA VA THAO LUAN

Ong nhiét duogc tinh toan trong nghién ctru
ndy dy kién duoc ché tao theo phuong phap ép
¢ nhiét do va ap suit cao dé tao lién két gilra cac
tam kim loai mong (Shioga et al., 2020), do d6
chiéu dai bd ngung tu ciing nhu kich thudc éng
nhiét bi han ché do gidi han vé kha nang cua
may va cong nghé. Diéu kién ngung tu & day la
d6i luu cudng buc véi tdc dd khong khi Iuu
thong 14 10 m/s hodc ddi luu ty nhién va nhiét
d6 moi trudng 1a 50 °C (nhiét do trong cac thiét
bi ngoai troi vao mua he) va nhiét do gidi han
ctia ngudn nhiét 1a 130 °C. Bang 1 dua ra cac
thong s6 ki thuét chinh cua éng nhiét sir dung
trong tinh toan v&i gidi han chiéu dai cia bd
ngung tu la 10 m.

Bang 1. Thong s6 ki thuit ciia dng nhiét theo vong kin

B§ phan Théng s6
B9 bay hoi LxWxH (mm) 90x90x3
Puong dan hoi LxD (mm) 160x¢6
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B{ phin Théng sb
B0 ngung tu L <10
Loy =10 m
Duong dan chit long 36045
Chu triic xbp LWxH (mm) 80x80x2.8
Puong kinh 16 x0p (um) d

Chat 16ng trong 6ng nhiét

Ethanol

Diéu kién ngung tu

Déi luu cudng bire/Péi lwu tu nhién

Khi sir dung d6i Ivu cudng birc thi két qua
tinh toan duge thé hién trong Bang 2. V&i nhiét
vo & cac gia tri nho hon hodc bang 300 W thi
gia tri chiéu dai tbi vu ciia bd ngung tu 1 nho
hon hodc bang 0,2 m va khi d6 dudng kinh 15
xOp chi can 1a 600 pm la du dap ung didu kién
vé ap suat. Kich thudc 16 x5p nay hoan toan co
thé dat duoc bang nhidu phuwong phap ché tao
khac nhau véi gia thanh thip ma khong gap khé
khin dang ké. O mirc nhiét vao 1a 500 W, kich
thudc duong kinh 600 um hay 120 pm 1a khong
du dé thoa man diéu kién ap suat. Chidu dai tbi
wu cua bo ngung tu 1a 4,0 m véi duong kinh 16
xdp 1a 60 um, va néu dat duong kinh 15 x6p 1a
20 pm thi chiéu dai téi vu giam xubng con 3,5
m. O muc nhiét vao tdi da 1a 600 W thi chi cau
trac x6p v6i duong kinh 20 pm méi c6 thé dap
mg yéu cau va chiéu dai toi wu khi d6 12 8,5 m.

Két qua nay 1a do khi chiéu dai bo ngung tu
giam thi ton that ap suét trong bd ngung tu c6
gidm theo nhung do kha nang thoat nhi¢t cua bd
ngung tu kém di nén nhi¢t 4o lam vi¢c trong
6ng nhiét ting 1én do d6 ton that ap sut tong
cong van ting va phai sit dung ciu trac xp véi
dudng kinh nho hon dé dap tng yéu cau.

Két qua tinh todn khi sir dung ddi luu tu
nhién dugc thé hién trong Bang 3. Luc nay do
kha ning lam tan nhiét giam di (hé sé trao doi
nhiét nhd hon) cta bd ngung ty, chidu dai tdi uu
ctia bo phan nay tang 1én so véi khi str dung ddi
luu cudng birc. Vi du ¢ mirc nhiét vao 300 W sé
can chiéu dai 13 0,30 m v&i duong kinh 16 xdp 1a
600 um. Lugng nhiét vao t6i da ma 6ng nhiét c6
thé 1am mat duoc trong diéu kién nay chi 1a 400
W, tng v6i chidu dai tdi uu cua bd ngung tu 1a
0,90 m va dudng kinh 16 x6p 1a 20 pm.

Bang 2. Két qua tinh toan véi dbi luu cudng birc

Nhi¢tvao | L. m) | d(um) | Lo (m) | d(um) | L, (m) | d(um) | L (m) | d(um)
100 0,1 0,1 0,1 0,1
200 0,15 600 0,15 120 0,15 0,15
300 0,2 0,2 0,2 60 0,2 20
400 1,5 1,4 1,4
500 4 3,5
600 8,5
Bang 3. Két qua tinh toan voi doi lvu tw nhién
Nhi¢tvao | L, m) | d(um) | Lo (m) | d(um) | Lo (m) | d(um) | L (m) | d(um)
100 0,15 600 0,15 120 0,15 60 0,15 20
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Nhiét vao Leg(m) | d(um) | Ly (m) | d(um) | Ly (m) | d(pm) | Ly (m) | d(pm)
200 0,20 0,20 0,20 0,20
300 0,30 0,30 0,30 0,30
400 0,90
4. KET LUAN di thi can chiéu dai bd ngung tu 16n hon, hoic

Bai b4o ndy dua ra tinh toan t6i wu chidu dai
ctia bd ngung tu cua dng nhiét dang vong kin
trong mot s6 diéu kién khac nhau. Dé lam duge
diéu do, tac gia st dung md hinh sé mot chiéu
ctia 6ng nhiét ciing nhu xay dung luu do thuat
toan mai bo sung hai diéu kién vé chiéu dai éng
nhiét va dudng kinh 16 x6p. Khi chay mé hinh

khi giam chiéu dai bd ngung tu thi cin cau triic
x0p v6i duong kinh nho hon. Tuy viy cac
nghién ctu thuc nghiém cAn duoc thuc hién &
budc tiép theo dé xac nhan chinh xac hon nhing
két qua tinh toan.
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Abstract:
DESIGN OPTIMIZATION OF THE CONDENSER OF LOOP
HEAT PIPE USING A 1-DIMENSIONAL NUMERICAL MODEL

This paper reports the optimal calculation of loop heat pipe condenser’s length based on the
maximum length of the condenser, the maximum heater temperature, and the condensation
condition. A I-dimensional numerical model, which assumes heat is transferred through I
direction, was used for the calculation. A new solution algorithm was proposed using 3 additional
conditions of condenser’s length, the pore diameter of the wick, and temperature limitation of the
heat source besides the other 2 conditions of thermal energy balance and capillary/loss pressure.
The calculation converged and the results were suitable qualitatively, for example, the condenser’s
length was smaller in case of worsening condensation condition (natural convection) than in case
of better condensation condition (forced convection) or to obtain shorter condenser’s length smaller
pore diameter was required. However, experimental researches have to be carried out in the next
Step to confirm these results quantitatively.

Keywords: Loop heat pipe (LHP), condenser, 1-dimensional numerical model.
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