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TOM TAT:

Sw bung nd dén sé va nén kinh té quéc
dan la hai nguyén nhéan chinh dan dén viéc
gia tdng nhu céu st dung dién ndng. Bén
canh do, viéc xuét hién céc nguén phéat phan
bé ciing lam tdng déng ké céng suét truyén
trén duong day dién. Théng thuong, dé gidi
quyét cac van dé trén, nganh dién sé xay Iap
céc tuyén duong déy truyén tai va phéan phéi
méi dé nang cao kha nédng truyén tai dién,
cung cép day du nhu cdu phu tai dién. Tuy
nhién, trong moét sé trong hop, viéc xdy méi
nay sé énh hudéng dén moi trurong va tham
chi hiéu qua kinh té khéng cao. Vén dé ngay
nay duwoc xem xét la lam sao st dung hiéu
qud duong déy truyén tai va phan phéi dién
hién hiru théng qua viéc tinh toan va giam
sat kha ndng mang dong cta né tai nhiét do
cao hon, va nhw thé viéc st dung téi wu
duong day sé mang lai hiéu qué kinh té cao
cho cac céng ty dién. Téng quét, viéc tinh

toan kha ndng mang dong cua dwong
day la dwa trén co s& tinh toan trurong
nhiét cda né duwoc thé hién day du trong
céc bo tiéu chuén |EEE [1], IEC [2] ho&c
CIGRE [3]. Trong bai bao nay, chung tbi
trinh bay mét tiép can méi dé la viéc img
dung phuong phdp phén t& hiu han
trén nén cda phan mém Comsol
Multiphysics cho viéc mé phdng trurong
nhiét cda duong day truyén tai dién trén
khéng. Déc biét, chung t6i khdo sat anh
hwéng cua diéu kién méi truong nhw vén
téc gio, hwdng gio, nhiét do va hé sé
bic xa moéi trwong dén duong dién hinh
la dady nhém 16i thép. Viéc so sanh gilra
két qua sé cua chung téi véi két qua tinh
theo tiéu chuén IEEE cho thdy tinh chinh
xac va kha ndng ap dung cta phuong
phép phén t& hitu han cho viéc tinh toén
trirong nhiét cta dwong day trén khéng.

Keywords: duong day truyén tdi cao thé, triromg nhiét, khd ndng mang dong.

1. GIOI THIEU

Chién lugc toan cau vé viéc giam khi thai
CO, di tac dong manh mé dén viéc phat trién
c4c ngudn dién phan tan (Distributed Generation

—DG) trén co s& cua cong nghé nang lugng tai
tao nhu gié, sinh khdi, ning luwgng mat troi,
song bién,...Cac nguén DG nay duoc két ndi
vao mang phan phdi dién, dan dén mot sy gia
tang dang ké cong sut truyén trén duong day.
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Strbac [4] cho thy rang su phat trién ciia cac hé
thdng dién trong twong lai doi hoi phai co nhiing
thay doi lon @di véi triét 1y thiét ké tong thé.
Cau tric cia mang truyén tai va phan phéi dién
phai duogc thiét ké dac biét phu hop cho viéc
truyén tai mot luong 16n cong suit va dam bao
do tin cay cua hé théng dién. Tac dong cua sy
phat trién cia DG vao mang phan phdi doi hoi
phai ¢6 nhing thay d6i dang ké trong sy phat
trién cua hé théng dién dé tich hop diy du DG
va chia sé trach nhiém trong viéc cung cap céc
dich vu hd tro hé théng (vi du nhu phu tai, tan
sd va dién ap quy dinh). Bén canh d6, nhu cau
phat trién phu tai do viéc gia ting dan sb va sy
phat trién cua nén kinh té qudc gia di budc
nganh dién phai c¢6 nhling bién phap lam tang
kha ning truyén tai cia ca hé thong dién quéc
gia. Viéc nay, trén thuc té, thudng duoc thuc
hién bang viéc xay 1ip méi cac tuyén, mang
truyén tai va phan phdi dién.

Ngay nay trén thé gidi, quan diém xay méi
cac tuyén duong day dang dwoc thay thé boi
viéc nghién ciru tinh toan kha nang mang dong
(Ampacity) ctia cac duong day hién hitu, va trén
co s6 d6 van hanh ching tai cac nhiét do cao
hon tiéu chuan. Tiép can nay s& cho phép hé
thong dién van hanh gan véi gioi han truyén tai
cong sudt cua né nhung van bao dam tinh 6n
dinh cua hé thong, va nhu thé hé thong dién s&
déap mg ddy du nhu cau phu tai va dic biét la
giam dang ké chi phi van hanh. Vi vdy, mot sy
hiéu biét vé phan bd truong nhiét bén trong,
xung quanh day dan va yéu t méi trudng ma tai
d6 cac bién ddi nhiét nay s& cho phép quan Iy
hiéu qua mang truyén tai va phan phéi dién 1a
bit budc d6i v6i ca nha nghién ciru, tinh toan
thiét ké duong day.

Tong quat, kha niang mang dong cua duong
day trén khong ciing nhu cap ngim 1a dugc tinh
toan dua trén sy phan bd nhiét xung quang day
dan. Su phan bé nhiét nay duoc biéu dién, trong
toan hoc, dudi dang phuong trinh vi phan riéng

phan bac hai trong khong gian ba chiéu (3D).
Trong thuc té, do chiéu dai day dan thuong la
I6n hon rét nhiéu so véi ban kinh ctia n6, nén dé
don gian trong viéc tinh toan nguoi ta chuyén
viéc khao sat truong nhiét trong mién 3D vé
mién hai chiéu (2D). Cho dén ngay nay, viéc
giai phuong trinh truyén nhiét nay chu yéu duoc
thuc hién bang hai phuong phap d6 1a phuong
phap giai tich va phuong phap so.

Phuong phap s6, nhu phuong phap sai phan
hitu han (FDM), phuong phap phan tir hitu han
(FEM), phuong phap phan ta bién (BEM),
phuong phap thé tich hitu han (FVM), phuong
phap khong ludi (Meshfree method) —[14] véi
uu diém cuia n6 1a tao nén 10 giai s6 c6 d6 chinh
xac cao cho cic bai toan ky thuat, dac biét la
trong cac mién hinh hoc phirc tap noi ma khong
thé tim dwoc loi giai giai tich, da va dang duoc
ing dung cho viéc giai cac bai toan truyén nhiét
trong cap ngam [5]-[8], duong diy trén khong
[9]-[10].

Trong bai bao nay, tiép tuc cac cong trinh
nghién ctru ciia chung toi vé tinh toan truong
nhiét cua cap ngam [7]-[8], chung t6i trinh viéc
ap dung phuong phap phan tir hitu han cho tinh
toan truong nhiét va ampacity cta duong day
truyén tai dién trén khong day nhom 15i thép.
Dic biét, chung t6i khao sat anh huéng cua yéu
t6 moi truong nhu toc do gio, hudng gid, nhiét
d6 moi truong dén kha ning mang dong cua
dudng day. Phan cubi 1a sy so sanh cac két qua
tinh toan cua chung t6i duoc so sanh vai cac két
qua duoc tinh bang cong thirc trong tiéu chuén
IEEE —[1].

2. MO HINH TiNH TOAN

2.1. Phwong trinh truyén nhiét cia dwong
diy trén khong.

Tong quat, dé xac dinh phuong trinh truyén
nhiét cua duong day truyén tai dién trén khong,
chung ta phai khao sat n6 trong khong gian 3D
nhu trén Hinh 1 - [10].
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Qepds

J\/\r’l;,
VAVAY: 2°M [

4
Hinh 1. Khéi vi phan trong phén tich truyén nhiét
Trong do:

e k¢ (W/C/m) — @ dan nhiét cia moi
truong theo hudng x.

* o _ 1 (ccmiw) - nhigt tro sudt cua
moi truong tho huadng X.

o dT (°C/m) — gradient nhiét d6 theo
hudng 28X

e P (W/m® — nhiét luong toa ra trong maot
don vi thé tich.

e P :_kxd—T (W/m?)— théng lugng

ngudn nhiét theo h%ng X, theo luét Fourier.

* C, (J/kg/°C) — nhiét dung riéng cua vat
liéu moi truong.

e 5 __K - do khuéch tan nhiét cua vat
licu. Cp

o ¥ (kg/m®) — mat do khoi cua vat ligu moi
truong.

Nhur di trinh bay trong phan gidi thiéu, trong
thuc té, chiéu dai cua day dan (theo truc z)
thuong I6n hon rat nhiéu so véi dudng kinh cta
n6. Vi vy, dé thuan tién cho viéc tinh toan
nhung van khong danh mét tinh tong quat cia
bai toan, phwong trinh truyén nhiét cua duong
day truyén tai dién trén khong c6 thé dugc biéu
dién trong 2D nhu sau

(62T 82TJ 10T
K +P==Z

2 + 2
OX oy ()

Trong trang thai 6n dinh, nghia 14 khong c6
sy bién thién nhiét theo thoi gian, (1) dugc viét
lai nhu sau

2 2
k 6—T2+6—T2 +P=0<
ox- oy

2 2
a—z+a—T2 +pP=0
ox" oy ?)

Nhu vay, (2) chinh 1& phuong trinh md ta
phan bd nhiét hodc truong nhiét cua day dan
trong trang thai on dinh. Ngoai ra, dé don gian
trong van dé tinh toan, mot s6 gia thiét sau duoc
chap nhan

- Po dan nhiét cia modi trudng khong khi 1a
hang s6 (méi truong ddng nhat).

- Ngudn nhiét dwoc phan bé déu trén bé mat
day dan.
2.2. Khia ning mang dong cia dwong diy
trén khong

Kha niang mang dong cta duong day trén
khong 1a dong on dinh cho phép 16n nhat ma
duong day co thé chiu dugc trong subt thoi gian
dai. N6 phu thude vao vat ligu day dan va cac
yéu t6 moéi truong nhu nhiét do, téc do gio,
hudng gid, nhiét birc xa...nghia la né phu thuoc
vao vat lidu va phan b truong nhiét xung quang
day dan.

Ca hai phuong phap tinh dugc trinh bay
trong IEEE va CIGRE déu dya trén co so cua
nguyén 1y can bang nhiét trong trang thai xac
lap, nghia 1a d6 ting nhiét chinh bang ton that
nhiét. Theo CIGRE, nguyén ly nay dugc trinh
bay boi biéu thire sau —[3]

P+R+FR,+B=R+F+R, @
Trong do,

e  Pjla d¢ tang nhiét bai hiéu ung Joule,
Psla d6 tang nhiét do birc xa mat troi, Pm la d6
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ting nhiét do cong hudng tur, Pila do tang nhiét
bai hiéu tng vang quang (ion hod).

e  P.la tdn thit nhiét do buc xa, Pcla tén
that nhiét do ddi luu, Pw 1a ton that nhiét do bay
hoi.

va theo IEEE, (3) dugc viét gon lai nhu sau

-1
P,+P =F +F, )

Nhu vy, tiéu chuan IEEE bo qua ba thanh
phan do tang nhiét do truong tir, do ting nhiét
boi hiéu wng vang quang va ton that nhiét do
bay hoi.

2.2.1. Nhiét do hiéu wng Joule

Tong quat, nhiét do duong day P;j phu thuoc
vao dién tro va dong dién chay trong day dan
dugc tinh toan boi phuong trinh sau

P =17R,c. (5)

Trong d6, | 1a dong dién chay trong day dan
[A], Rac 1a dién tré xoay chiéu cua day dan tai
nhiét d6 khao sat [QQ/m] va dugc tinh boi

Rac =Racr, |:1+a(TC -T, ):I (6)

RacTo la dién trg AC cua day dan & nhiét do
To [ 20°C; 293°K], T 1a nhiét do trén bé mat day
dan [°C, K], « 13 hé s6 nhiét caa dién tro [K1]
phu thudc vao vat liéu day dan, thong thuong
day nhom (Al) hoac nhom 151 thép (ACSR)
dugc sir dung dé lam duong day truyén tai dién
trén khong, do d6 c6 thé xac dinh gia tri ciia a =
(0,0036 + 0,00403)K2.
2.2.2. Nhiét do bwc xa mit troi

Luong hap thu anh sang mit troi cua day
dan phu thudc vao cuong do anh ning mat troi,
gdc phuong vi ciia mat troi, vi tri trong ddi gitra
mit troi va day dan, duong kinh day dan, hé s6

hip thu cua bé mat day din, chiéu cao cua day
dan so véi muc nuéc bién —[1].

Do ting nhiét diy dan do buc xa mat troi
duoc xac dinh bang biéu thirc sau
b _ ak,Q,sin(6)D

: (7
1000

Trong do:
6 = arccos(cos(H,)cos(Z, —Z,))

as 1a hé sb hap thu cua bé mat day dan phu
thudc vao vat liéu va tudi tho cua day dan, D la
duong kinh ciia day din [mm], ks 1a hé sé phu
thuoc vao chiéu cao cua day dan so véi muyc
nuée bién, Qs 1a thong lugng cua mat troi [W/
m?], 6 1a goc t6i hidu qua cta cac tia mit troi [°,
rad] Hc 1a goc chidu cao mat troi [©], Zc 14 goc
phuong vi cta mét troi [°], Z1 1a goc phuong vi
cua truc duong day [ °].

Nhiét tir 4nh ndng mat troi thay doi theo cac
diéu kién thoi tiét, do sach va am ctia khong khi,
vi 46 dia 1y va theo mua. Vé mit dia Iy, nhiét do
mat troi chiéu 1én day dan phy thudc cha yéu
vao d¢ cao va goc phuong vi cia mat troi voi
goc phuong vi cia day dan. Trong bai bao nay,
chung t6i s& sir dung cac sb liéu tinh toan theo
tiéu chuan IEEE -[1] dé xac dinh téng thong
lwong nhiét ciia mat troi tac dung 1én bé mat day
dan.

2.2.3. Tén thét nhiét birc xa

Ton that nhiét do bac xa P, 1a mot phan
trong ton that nhiét tong cua day dan, nd phu
thuc vao nhiét d¢ trén bé mat day dan, nhiét do
moi truong xung quanh day dan, duong kinh
day dan va hé sb phat xa cua bé mat day dan
theo biéu thuc sau

R, = 7Ded, | (Te +273)" —(T,+273)' | (®)
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Trong d6 P, 1a ton that nhiét do bic xa
[W/m], & 1a hé sb phat xa thay d6i trong pham vi
tr 0.27 dén 0.95, ds la hing sb Stefan —
Boltzmann (5,67x10®% W.m2.K* - [12]), Ta la
nhiét d6 ctia moi truong xung quanh day dan.

2.2.4. Ton that nhiét doi luu

Ton that nhiét d6i luu duoc xac dinh nhu sau

P, =zDh (T, —T,) =74, (T =T,)Nu (9)

Trong d6 P¢ 1a ton that nhiét do dbi luu
[W/m], D la dudng kinh day dan, /s 1a nhiét dan
suat cia khong khi [W.m™.K?], he 1a hé sb
truyén nhiét d6i luu [W/m2.K] va thuong duoc
tinh theo cong thirc thuc nghiém.

S6 Nusselt c6 dang nhu sau —[11]

Nu = f (R,,Gr,Pr) (10)
h.D
5. Nu=-—
Trong do: 2,

Bén canh sé Nu dugc tinh bai (10), mot vai
hé s6 ciing dugc st dung dé tinh toan ton that
nhiét ddi luu duoc trinh bay trong [1], [3] nhu
Ssau

_ PV.D
14

Re - 56 Reynolds.

O day Vy 1a téc do gié [m/s], v 1a do nhét
dong hoc [m/s?], pr 12 mat d6 khong khi twong
ddi (pr=p/ po, & day p 1a mat do khong khi tai
d6 cao khao sat, po 1a mat d¢ khong khi tai mat
bién).

Pr=CS#  _séPrandtl

Ay
Vi ¢ 1a nhiét riéng ctia khong khi [J/kgK], u
la do nhot dong hoc cua khong khi [kg/ms].
_ 9 D® (TC — Ta )
(T, +273)v?

Gr - 56 Grashof

O day, nhiét do trung binh cua day dan 1a
T, =05(T. +T,)

2.2.4.1. LAm mat do déi luu ty nhién

Qua trinh 1am mat do déi luu tw nhién xay ra
khi tdc do gié dugc xem nhu bang khong va nhu
thé n6 duoc xéac dinh béi biéu thuc sau

Nu, =C(GrPr)} =CRa; (11)

Trong d6: Ras = (Gr.Pr) 1a sé Rayleigh.

Céc thong s trong (11) dugc chon theo nhiét
do T¢. Nhiét do thong thuong cua cac diy dan
trén khong 1a nam trong khoang tir 0°C dén
120°C . Theo Iy thuyét truyén nhiét chung ta c6
102 < (Gr.Pr); < 3x10° va trong pham vi nay
(Gr.Pr); ctia s6 Nusselt cho déi luu tw nhién cho
béi biéu thuc

Nu = 0,54(GrPr)Y* (12)
Ngoai ra, qué trinh lam mat do dbi luu ty
nhién con duoc xac dinh theo biéu thirc sau— [1]
P, =0,0205p°D*™(T, -T,)**  (13)
V6i  pr: 1a mat do caa khong khi & nhiét do Tr.
2.2.4.2. Lam mat do déi luu cudng biic

DPbi voi truong hop gio tac dong theo
phuong ngang Véi truc day dan, nghia 14 theo
mot huéng bat ky tir 0 dén 90°, chung ta ¢ biéu
thirc sau

0,52
Dp,V
Pcl=[1,01+0,0372( - WJ ]kfka(Tc—Ta)

M
(14)
06
P,= {0, Ollg(MJ :|k K, (Tc —Ta)
Hy
(15)
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O day ka la hé s6 huéng gi6 va dugc xac
dinh theo biéu thirc sau

a

/1,194 —cos(0) + 0,194 cos(20) (16)
~ 1+0,368sin(26)

Véi 6 1a goc cia hudng gid so voi truc day
dan [°, rad].

Trong trudng hop khi hudng gié 1a song
song Véi truc day dan thi s6 Nusselt Nu co thé
dugc xac dinh theo cong thirc sau - [3]

Nu =1,5035 x Re%%%® (17)

Tém lai, trong truong hop tong quat hé sb
d6i luu duge tinh theo biéu thuc (10). Trong
tinh toan thuc té, tily vao timg truong hop cu thé
ma chiing ta s& sir dung cong thirc tinh tn that
nhiét d6i lwu mot cach thich hop. Vi du nhu
trong trudng hop tdc do gi6 bang khong thi tén
that nhiét d6i luu 1a ty nhién; trudng hop téc do
gi6 khac khong, néu gié theo phwong ngang voi
day dan thi ton that nhiét déi luu duoc chon la
gia tri 16n nhat caa (14) va (15), néu gi6 c6
huéng song song Véi truc ddy dan thi ton that
nhiét déi luu dugce tinh theo biéu thie (17).

T phuong trinh (4) chung ta xac dinh kha
ning mang dong cia day dan trén khong theo
biéu thirc sau —[1]

| = /m (18)
RAC

3. KET QUA TINH TOAN

3.1. Tinh toan trwdng nhiét cia day din trén
khong

Mot diéu khac biét khi tinh toan ampacity
cia duong day trén khong va cap ngam la dbi
V6i cap ngam do khoang cach giita cac diy bé
nén chung ta phai khao sat truong nhiét sinh ra
boi ca hé thong cap, nghia 1a co nghién ctru anh
huéng twong hd nhiét giita cac day véi nhau,

con véi duong diy trén khong, do khoang cach
gitta cac day 16n va tang theo cap dién ap, anh
huong nhiét giita cac day dan rat bé va co thé bo
qua, do d6 chang ta chi khao sat cho mét day
dan thay vi khao sat ca h¢ thong duong day trén
khong.

Pé thuan tién cho viéc tinh toan, day dan
dugc gia thiét 1a dat trong mot mién khong khi
hinh vudng c6 kich thudc du 16n dé khong gay
ra hiéu thg vach trén dong chay khong khi xung
quanh day dan. O day, ching ta chon kich thugc
1mx1m nhu trén Hinh 2. - [9].

Ta  Bitnwén

Léira Diy din Lsivio

\
Te

Ta \
a=0 Ta
44— Biéntrdi Bién phdi e

Mién khéng khi

—

Ta  Biéndudi

Hinh 2. M6 hinh mién khéng khi khao sat xung
quanh day dan trén khong.

Trong bai bao nay, chiing t6i khao sat duong
day truyén tai trén khong kiéu day nhom 16 thép
(ACSR) A1/Sxy véi cac sb liéu nhu sau - [5]:
Loai day 1a Drake - 26/7; Puong kinh tong cua
nd la 28,1mm; Dién tr6 AC & nhiét do 25°C
bang 72,83uQ/m; Pién trd AC & nhiét do 75°C
1a 86,88 puQ /m; Nhiét do cho phép tbi da cua
day din 13 Temax = 100°C.

Ngoai ra, cac diéu kién moi trudng va dong
tai dwoc chon nhu sau: Cuong do chiéu sang cia
mat tro 1a S = 900W/m?2; hé sé hap thu cua bé
mat bang as = 0,5; hé s6 burc xa cua bé matla &
= 0,5; tbc do gio ngang: 1a V= 0,61m/s; nhiét
d6 cua moi truong bang Ta = 40°C; duong day
theo hudng dong tdy véi goc phuong vi la Z; =
90°; vi d6 1a 30 d6 bic; moi truong khi quyén
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sach; do cao mat troi (He) vao 11 gio ngay 10
thang 6; d6 cao trung binh ciia day dan 1a 100m;
hé s dan nhigt cia khong khi 1a k =
0,0291W/(K.m); mat do khong khi p = 1,029
kg/m3; cong suat toa nhiét cua khong khi C, =
1,005 kJ/(kg.k); hé sb dbi lwu h = 155
(W/m2.K); d6 tang nhiét do boi Joule P; = 94
W/m; do ting nhiét do burc xa mit troi Ps =14,36
W/m.

Két qua md phong truong nhiét xung quanh
day dan trén khong bang phuong phap phan tu
hitu han duoc cho nhu trén Hinh 3. O d6, ching
ta ¢6 thé nhan thiy rang do gi6 thdi theo phuong
ngang so V&i truc cua diy dan nén cac duong
dang nhiét bi bién dang phia sau day dan, va
nhu vay diém c6 gia tri nhiét d6 cao nhat (néng
nhat) ciia day dan s& nam phia bén kia cua day

dan so voi huéng tac dong cua gio téi day dan.

Hinh 3. Phan bd nhiét xung quanh day din Drake
bing FEM

Két qua mo phéng nhu trén Hinh 3. cho
ching ta thiy nhiét d6 noéng nhét trén bé mat
day dan 1a T, = 99,366045°C, no thi thip hon
nhiét @6 cho phép danh dinh dugc tinh theo IEC
61597 1a 1,5% , va 0,64% so v¢i IEEE (IEEE -
738 1a Tep = 100°C). Két qua nay cho thay tinh
chinh xac cta phuwong phap phan tir hitu han.
Bén canh d6 noé con thé hién uwu diém cua
phuong phap phan tir hitu han la chung ta dé
dang quan sat phan b truong nhiét xung quanh
day dan, dic biét hiéu qua cao khi chiing ta khao
sat sy thay doi cua yéu té méi truong dén trudng
nhiét xung quanh diy dan. Pay la diéu ma
phuong phap giai tich va tiéu chuan khong thé
hién duoc.

Truong nhiet xung quanh day danfc]

100

—Ty1 = 051407
O~ y2 = 048593 |

e L N O TS F

Nhiet do [°C]

50

0 0.1 0.z 03 0.4 0.5 0.6 a7 0.8 09
x [m]

Hinh 4. D6 thi nhiét do khi cit ngang bé mat day
Drake theo phuong x

Hinh 4 1a két qua mo6 phong gia tri truong
nhiét xung quanh day dan tai mat cit ngang bé
mat day dan, theo cac do cao tuong (rng 1a vi tri
ngay bé mat day dan va mot vi tri bat ky. Két
qué tinh toan cho thdy dudng phan bd nhiét hai
bén day dan theo phuong ngang (truc X), va néd
ciing cho thay rang & vi tri cang gan day dan thi
nhiét do cang cao. Ngoai ra, do gié thdi ngang
truc day dan nén nhiét d6 phia bén trai day dan
s& cao hon phia bén tay phai. Sy khac biét nhiét
d6 nay thé hién 6 rét tai cac diém o xa day dan,

va no s& giam dan khi tién téi gan bé mat day
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dan, tai d6 nhiét do s& 1a 16n nhit trong mién
tinh toan, tuong ung véi Hinh 3.

3.2. Kha niing mang dong ciia diy din trén
khong c6 xét tac dong cia diéu kién méi
trueong

O phan trén, ching ta da tinh toan nhiét do
ctia day dan bang phuong phap phan tir hitu han
Véi cac didu kién gia dinh theo IEEE — 738 - [1].
Két dat duoc cho thiay d¢ tin cay cao khi sir
dung phuong phap phan tir hitu han.

Dé tiép tuc chitng minh kha ning ap dung va
tinh hiéu qua ciia phuong phap phan tir hitu han,
trong muc nay, chiing toi s€ tinh toan ampacity
cua duong day trén khong dudi anh huong cua
céc didu kién moi truong nhu 1a sy thay doi cua
toc do gio, huéng gié so vai truc day dan, nhiét
d6 moi trudng xung quanh day dan, hé sé buc
xa...Diéu kién thoi tiét, nhiét d6 moéi truong va
thong s6 day dan dwoc lya chon cho tinh toan
trong truong hop nay la day A3 — 400 — [2], tat
ca dugc trinh bay trong Bang 1.

Céc thong sb vé mdi truong dugc chon nhu
sau: hé s6 dan nhiét ciia khong khi k = 0,0283
W/(K.m); mat d6 khong khi p = 1,076kg/m?;
cong suit toa nhiét cua khong khi C, = 1,005
kJ/(kg.K); hé sb dbi luu h = 14 (W/m2K); do
ting nhiét do boi Joule Pj =49 W/m; d¢ tang
nhiét do bic xa mat troi Ps =15,12 W/m.

Bang 1. S6 lidu vé diéu kién thoi tiét, nhiét

d6 méi truong va thong sb day dan.

Théng sé Gia tri Théng sé Gia tri

Hé 56 hip thu 0.6 Téc 46 gid 0.5 m's

Nhiét 46 méi trirdng 40°C Puéng kinh diy dan | 28mm

He s6 birc xa 0.5 Puong kinh soi 4mm

Cwdng dé dnh nang mat | S00W/m? | Céng suat nhiét day

i . 205 W/mk
tréd K dan
. ) Dién tro sudt ddy dan.
Gée phwong vi 47 °N 32.84 Q9'm
20°C
Chidu cac so véi mue Hé s nhiét cha day
400 m © [ 0.00347

nudce bién din 20°C

Pién tré day dan.|0.0721

Hudng gié %0 ¢
20=C Q'km

O day, nhiét 6 cho phép téi da trén bé mat
day dan dugc cho 1a Tepmax = 80°C.

Tong quat, sau khi tinh toan dwgc truong
nhiét xung quanh day dan, chung ta s& tinh dugc
ampacity cua duong ddy trén khong bang viéc
sir dung (18). Trong muc nay, chung toi s& sir
dung FEM tinh truong nhiét va ampacity cua
duong day trén khong. Két qua sé cua chung toi
s& dugc so sanh véi két qua duoc tinh theo
phuong phap giai tich nhu trong tiéu chuan
IEEE —[1].

3.2.1. Anh huéng cia toc dd gi6

Trong muc nay, chiing t6i nghién ciu anh
huong cua tée do gio dén kha ning mang dong
cia duong day trén khong. Két qua tinh toan
bang FEM va IEEE dugc trinh bay nhu trén
Hinh 5. V& mat 1y thuyét, chung ta biét rang khi
téc do gio thay ddi nd s& anh huong truc tiép
dén hé sb ddi luu ctia khong khi, nhu thé no sé
din dén ton that nhiét dbi luu thay ddi va la
nguyén nhan lam cho ampacity cua day dan
cing thay doi theo. Két qua trinh bay trén Hinh
5. cho thdy su thay d6i ampacity cua day dan
theo tdc do gio, no dugc thdi theo phwong ngang,
huéng 90°, so Vi truc day dan. Két qua tinh
toan nay cho thdy khi téc d6 gi6 cang 16n thi
kha ning mang dong cuia day dan cang cao, xem
trong Bang 2 va 3.

1700

T r
1600 | | == EEE
== == FEM

1500}

1400

1300}

1200}

1oof

Kha nang mang tai (A)

10o0f

o i z 3 i G 7 8 R
Toc da gio (mis)
Hinh 5. Kha ning mang dong cta day dan trén
khong thay ddi theo tdc do gio duoc tinh boi FEM va
IEEE.
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3.2.2. Anh hwéng ciia huéng gi6 ning mang dong cua day dan, trong phan nay,
ching toi s& khao sat huéng gi6 thay doi trong
khoang 40° dén 90° so vai truc day dan. Két qua
tinh toan bang FEM va IEEE dugc trinh bay nhu
trén Hinh 6, va trong cac Bang 4.-5.

Nhu két qua trinh bay trong Muyc 3.1., huéng
gi6 s& lam méo dang phan bd trudng nhiét cua
day din, va 1a nguyén nhan lam thay d6i kha
ning mang dong cta day dan. Dé khao sat chi
tiét hon mirc d6 tac dong (’:ﬂa'huéng gio dén kha ' N ) ]

Bang 2. Hé so d6i luu va nguon nhiét toi da cia day dan khi toc d6 gio thay doi

Toc do gio
0,5 1 2 3 4 5 6 7 8 9 10
(mfs)
Hé s6 d6i luu
14 | 19,95 | 2847 | 35 40,7 45,6 50,15 54,31 58,19 61,85 65,31
(Wim2.K)

Ngudn nhigt P;

Wim) 49 | 69,85 | 99,82 | 123 | 1428 160,3 176 190,7 204,4 2173 229,5

Bang 3. Két qua dugc tinh nhiét do va Ampacity bang FEM khi toc d6 gi6 thay doi

Tée do gio

0,5 1 2 3 4 5 6 7 8 9 10
(mfs)

Nhiét do day

N 7895 | 7918 | 794 | 795 | 795 | 796 | 796 | 7967 | 7969 | 797 | 7973
din (°C)

Dong tai cuc
dai (A) - 751 897 1071 1189 1281 1357 1423 1480 1533 1580 1624
FEM

Bang 4. Hé s6 ddi Iuu va ngudn nhiét cuc dai cua day dan khi huéng gio thay doi

Huéng gi6 (d6) 40 50 60 70 80 90
Hé s dbi lru (W/m2.K) 16,4 175 18,2 18,75 19,23 19,95
Nguén nhiét P, (W/m) 58 61,94 64,45 66,15 67,83 70,37

Bang 5. Kha niang mang dong cua day dan trén khong thay ddi theo hudng gid
dugc tinh bing FEM va IEEE

Hudng gié () 40 50 60 70 80 90
Nhiét d6 day din (°C) - FEM 79,1 79,2 79,24 79,14 79,16 79,18
Déng tai cyc dai - FEM (A) 817 844 861 873 884 990
Déng tai cyc dai - IEEE (A) 816 843 860 871 882 899

Bang 6. Hé s6 ddi luu va ngudn nhiét Pj khi thay d6i nhiét ¢ moi truong
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Tbe do gio
0,5 1 2 3 4 5 6 7 8 9 10
(mf/s)
H¢ s6 dbi luu
14 | 19,95 | 2847 35 407 | 456 50,15 | 54,31 58,19 | 61,85 | 6531
(W/m2.K)
Pi 80 11 156,6 | 192 221 247 271 293 314 333 352
Pi2 65 | 91,28 | 1289 | 158 | 183 205 225 243 260 277 292
Pis 49 | 69,85 | 99,82 123 | 1428 | 1603 176 190,7 2044 | 2173 | 2295
Bang 7. Két qua cuia nhiét do day dan va dong tai tinh toan bang FEM va IEEE
Tée do gio
0,5 1 2 3 4 5 6 7 8 9 10
(mfs)
T (C)va | 786 | 7877 | 793 | 797 79,45 7954 | 79,6 79,6 79,7 79,7 79,8
I1(A) tinh
bing FEM | 959 1132 | 1342 | 1484 1595 1688 | 1767 1837 1900 | 1958 2011
Ta(®C)va | 80 80 80 80 80 80 80 80 80 80 80
I4(A) tinh
theo IEEE | 958 1131 | 1340 | 1483 1594 1686 1765 1835 1899 | 1957 2010
Ta(C)va | 788 | 79,18 | 79,44 | 796 79,67 79,8 79,8 79,78 | 79,78| 7995 | 79,92
I, (A) tinh
bing FEM | 865 1024 | 1217 | 1348 1450 1535 1608 1672 1730 | 1783 1832
Te(Cyva | 80 80 80 80 80 80 80 80 80 80 80
I2(A) tinh
theo IEEE | 864 1023 | 1216 | 1347 1449 1533 1606 1671 1728 | 1781 1830
Tas(C)va | 789 | 79,18 | 794 | 795 79,5 79,6 79,6 7967 | 7969 | 797 79,73
Is(A) tinh
bing FEM | 754 900 1074 | 1192 1283 1359 1425 1483 1535 | 1582 1623
Tes(®C)va | 80 80 80 80 80 80 80 80 80 80 80
Is(A) tinh
theo IEEE | 753 898 1073 | 1191 1282 1358 1424 1481 1533 | 1581 1624
Ghi chii:

Pis, Pj2 , va Pj3 14 cac ngudn nhiét trong (g véi nhiét d6 méi trudng 1a 20°C, 30°C, 40°C.

Tadt, Tad2, vaTaas 1a nhiét d6 ciia day dén tinh bing FEM véi nhiét d6 méi trwong 1a 20°C, 30°C, 40°C.
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Kha nang mang tai (A)
£ £ & &%
E £ & &

I
5

810 1 L 1 L L L 1 . 1
a0 45 50 55 60 65 70 75 80 85 90
Huong gio [do]

Hinh 6. Kha ning mang dong ctia ddy dan trén
khong thay déi theo hudng gi6 dugc tinh boi FEM va
IEEE.

Tuong tu nhu trong Muc 3.2.1., & day kha
ning mang dong cia diy dan ciing ting theo
hudng gi6, dac biét véi truong hop hudng gio
vuong goc véi truc diy dan thi kha niang mang
dong s& dat gia tri 16n nhat. Didu nay ciing c6
thé duoc giai thich nhu sau: khi hudng gi6 xién
theo truc diy dan thi dong nhiét toa ra trén cic
doan ctia diy dan (theo mo hinh 3D) theo huéng
gi6 s& chdong lan 1én nhau, n6 1a nguyén nhan
lam giam kha nang tan nhiét cia day dan, khi
hudng gié vudng goc véi truc diy dan thi dong
nhiét s& toa ra tryc tiép tir cac doan day dan ra
mién khong khi phia sau n6 va khong co sy anh
huéng nhiét gitta cac doan day nay. Vi thé kha
nang mang dong trong truong hop nay la lon
nhat.

3.2.3. Anh hwéng cia nhiét do méi truong

Trong Muc nay, chung t6i s€ nghién ctu sy
thay doi cua kha ning mang dong cta day dan
trén khong trong ba truong hop nhiét do6 méi
truong 1a 20°C, 40°C, va 60°C véi toc do gio
thay d6i tir 0,5 dén 10 m/s. Két qua tinh toan
bing FEM va IEEE dugc trinh bay trén Hinh 7.
va cac Bang 6.-7.

Két qua tinh toan nhu trén Hinh 7. cho thiy
khi nhiét d6 moi truong tang thi kha nang mang
dong cua day dan s& giam. Diéu nay co thé hiéu

rang nhiét d6 moi truong ting s& lam giam kha
ning truyén nhiét tir trong diy dan ra moi
truong xuang quanh, nghia la kha nang lam mat
day dan giam. Nhu vay n6 s& lam giam gia tri
dong dién I dugc tinh theo(18).

2200

Kha nang mang 1a{A)
=
g

g |EEE [ Ta = 40 0C)
== FEM (Ta=d00C)|
= [EEE [ Ta = 30 0C)
wnesee- FEM { Ta = 30 aC)
= |EEE (Ta=200C) |
-------- FEM{ Ta = 20 o)

0 1 2 3 4 Tocdo :ID . L3 7 B L] 10
Hinh 7. Kha ning mang dong ctia day din trén khong
thay ddi theo nhiét d6 méi truong va toe do gié dugc
tinh boi FEM va IEEE.

3.2.4. Anh hwéng cia hé sb bic xa

Ngoai cac yéu td moi trudong anh huong dén
kha ning mang dong cua diy dan trén khong da
dugc khao sat trong cac Muc trén. Trong phan
nay, chung t6i s& khao sat anh huong cua hé sb
buc xa dén kha ning mang dong cuia day dan
trén khong. Két qua tinh toan bang FEM duoc
trinh bay trong Hinh 8.

Anh huong cua he so buc xa va he so hap thu

760

755}

750 -

kha nang mang tai (A)
<
¥
&

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7
He so buc xa

Hinh 8. D6 thi dong tai khi hé sé buc xa thay ddi

Bang 8. Hé s6 dbi luu he, ngudn nhiét Pj va
nguon nhiét Ps khi thay d6i hé s6 birc xa
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Hé sé buc
Xa &

0,2 0,3 0,4 05 0,6 0,7

Heé sb
d6i luu 14 14 14 14 14 14
(W/m2.K)

Ngudn
ﬂhiét Pj
(W/m)

45,5 46 46,5 47 47,5 48

Ngudn
nhiét P
(Wim)

9,7 12,1 14,6 17 194 | 219

Bang 9. Nhiét do day dan va dong dién cuc dai
dugc tinh bang FEM khi thay d6i hé sb birc xa

':ésabﬁcxa 02 03 04 | 05 | 06 | 07
Nhiét do day

din - FEM | 78,765 | 78,797 | 78,886 | 78,9 | 78,93 | 79
(°C)

Dong tai cho

phép - FEM| 724 728 | 732 | 736 | 740 | 744
(A)

Theo [1] thi ¢ va ascd gia tri tr khoang 0,2

dén 0,9. Gia tri nay thay d6i theo bé mat nhin

cua day. Nguyén nhan cia Sy gia ting nay la do

muc d6 6 nhiém cia khong khi va dién ap van
hanh dit 1én day dan. Ciing theo [12], & thuong
nhé hon hé sb hap thu as. O day, chung t6i chon
as = ¢ + 0,2 theo [13], s6 liéu tinh toan dugc cho

nhu trong Bang 8 twong tng véi toe do gi6 1a
0,5 m/s, nhiét d6 moéi truong 1a 40°C. Két qua
tinh toan nhiét va dong cho phép cua day dan
béi FEM dugce trinh bay trong Bang 9. Ngoai ra,
Véi cac s liéu cho truéc nhu trong Bang 8, két
qua tinh toan dong dién cyc dai theo IEEE Std.
738- [1] 14 lepmax = 750A.

4. KET LUAN

Bai bao trinh bay kha ning ung dung cua
phuong phap phan tir hitu han trong viéc mo
phong truong nhiét va tinh toan kha nang mang
dong ctia duong ddy truyén tai trén khong. Uu
diém cua viéc sir dung phuong phap phan tir
hru han 1a n6 cho phép chung ta quan sat va
giam sat tryc quan duoc phan bd trudong nhiét
xung quanh day dan, va n6 ciing cho két qua
tinh toan chinh xac cta kha nang mang dong cta
duong day. Bai bao ciing trinh bay dugc cac két
qua nghién ctu cta anh huong diéu kién moi
truong dén truong nhiét va kha ning mang dong
cta duong ddy truyén tai trén khong. Day 1a van
dé ma nganh dién hét sic quan tim trong van
hanh mang truyén tai va phan phdi dién.

GHI NHAN: Nghién ciru nay duwoc tai tro boi
triong Pai hoc Bdch khoa Tp.HCM trong khuén khé
Dé tai ma s6 T-TPP-2014-15.
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Calculation of thermal field and ampacity
of overhead power transmission lines
using finite element method

e Vo Van Hoang Long
Lilama 2 College, DongNai
e Vu Phan Tu
VNU-HCM

ABSTRACT:

The population explosion and
development of the national economy are
two main causes of increasing the power
demand. Besides, the Distributed
Generations (DG) connected with the power
transmission and distribution networks
increase the transmission power on the
existing lines as well. In general, for solving
this problem, power utilities have to install
some new power transmission and
distribution lines. However, in some cases,
the install of new power lines can strongly
effect to the environment and even the
economic efficiency is low. Nowadays, the
problem considered by scientists,
researchers and engineers is how to use
efficiently the existing power transmission
and distribution lines through calculating
and monitoring their current carrying
capacity at higher operation temperature,
and thus the optimal use of these existing
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lines will bring higher efficiency to power
companies. Generally, the current carrying
capacity of power lines is computed based
on the calculation of their thermal fields
illustrated in IEEE [1], IEC [2] and CIGRE
[3]. In this paper, we present the new
approach that is the application of the finite
element method based on Comsol
Multiphysics software for modeling thermal
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