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Numerical Analysis on Natural Convection Heat Transfer in an Enclosure
of the Transformer Model
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ABSTRACT

Numerical analysis of the laminar natural convection in an enclosure of the 20KVA oil-immeresed
transformer is presented. The core in the transformer is modelled as a rectangular cylinder and
calculation is carried out for Ra= 10°—10°. The correlating equation between the inner cylinder mean
Nusselt numbers and Rayleigh numbers can be obtained. The conduction and convection regimes
for the variation of Rayleigh numbers are well represented in the temperature distributions along
the side wall of the inner cylinder. For high Rayleigh numbers, it is found that the recirculating
flow in the enclosure above the inner cylinder is divided into two recirculation regions.

Zlgdd
L D71E Ao
ap ay, a5, © olAEPEA A AbgEE A%, N - Nusselt 5
2)(15) P -
bji Wy g Pr Prand.tl -r}‘
. o Ra - Rayleigh
B; FA(3) (= byby) S, AN N AP
Gr * Grashof S, o] ArEbubA A o] A A E)
G Qe (= b;-u,-) T tew
L EYAEE T, SR AATY ex
J - Jacobian T, DR AYUEY 2T

* E®A, 49da 714383



Ta Szex (- T, )
2 /
(b, v, w) (x 9)°ﬂ e £
(x, 1, 8 CREARIEA
Z. DR LAY Wwyer FE YR
Ady F47449 #2)(Fig. 3)
a D EA
B DA AR ZA
p =1
v DERAAAST
o i
En 0 * boundary-fitted &4
1. M =

¥ Qt 7} (transformer) g 212 A S )
Az s, ARF=ZL o3t e A
Mol Fg% ZHFA7] AEE JEHL] A9
Fo4e AFAVIMEOLT HIEAINE dF9
A 21 B % A (static induction instrument) & T
Y TzE AHEY (r)3zE viel=
A A7 2E vt=E 1, 23 B4de] )
EAsY 1 FHE AV Adn L

=20 2 3t& A7 f (transformer oil) 7} 1 22

grols sjgoer ged Aot olHT W
HIE AT dof Aol AYAGT W&o
ARE EolFd $8& E(ule’s heat)ell 21g
%01 wAstn g HAdE WAoo 53

7] W Foll HEo o7 do] LAYF} o) F &
oaaugoﬂ o8 Waly] Ulie] exalso Wt
71e] ctAEH-E A AT F=2 A
ook 3, o] A Wtrie] Yzhag e
¢ Fa 3t

Hekrlel WazAhg e 2wy Ad

Frol 2% gdeR ol FojAn, wref Wz

o] B

o

%-‘i‘—’é‘}@l ‘ﬂ%}7]—4 =7t 358

4 doll 23 A F3
o} 3k, o] A gt “C‘t‘ ojy-ge ol o g

7N1AA AEWAE Wobx] fEHI
gatA s, Wbstrlfe daAEge
] ol Mg Fad A48e I A
ojeigh Wzhzg o] MM F2 Yl

£ 9
i
2
o
i
i)
e
o
iiHd
_°,

Ur&.-%r}.i Mooy b 2
20 o N
— ""NB-
AN o g
io I j?_‘l

__4...

]

T

WEFAM - HE TS

wWAHE L4 29 0992)/107

o & gtor, ety A B U
Z1HY <k A7 Rrexe dF0] F2 A
FA oz ojFolAsith o]RALE AAYF
3 dAg difo] d¥ EF% HASE AN
T &H3] s E A Fx, AFEAHA &
S¥oF Bode 7|23 AT "2‘3 o] F ol
7] ez Ayzhec

ol B ApdAe degh e g
£ dF37] A% #AMHA xdTEA,
AG7IR9 Aol Qg A g AL F
AHez MMz gk FAEHA wd2
A AgFoz U] 2o]a AT 20KVA T
38 FYAYY HYUE Fatgen, Wt
71 el 2L (coiD B ZO(core) FEE AT
3 oS 7R Al dAdz sbg e g
Wy F7hg mdaedoh oled W] WP
Fol digte] Atadee) g 2w o
AEA KRG Es e Agrle 25
AANFE FANH3H e, Edd 4L
AFA e = B A Wyge AEsE]
QalA, N1E2 A¥AE7 de AR &
A9 A5 Aol diste] Ase A
AL v RFY) oy A7 AFARA
Aoz YA g WYY Lx9 o=,

HG71F-2F Hs7] &3y A, Y 949
d4 58 dMse MEH D 9T Aol
o], Qgrle] AAg FHASE Tl & £
szt AYzhgd,

do,

2. MEHWHA % FAZH

2.1 Heole REsi(exaa 2R

E A7dM @ mde =93 20KVA @4
Y fFYAY A wstrie] 4T Fa AF
£ Fig 19 Jeldt? oge 48 oln
ol AH(coiD# HA o2 o]Fo|z Hof
(core) #-7F Qlth 2 s e xe B34e g9
HARE ALY gug 713 AL gz
7Hgstgd e, BAZE SERe W ol
ool 3 ubA (hydraulic radius)o] A A
Ayl 9Bl FEntAa e s ARe
& A3lRon, ol AZEATY A Ao



core

600
720

200
280
360

Fig. 1 Geometrical details of the 20KVA oil
immersed distribution transformer.
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