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Fig.1 Structure of whole set of panel-type radiator
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Fig2 Structure of single piece of panel-type radiator
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Table 1 Properties of insulating oil
and carbon steel
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Fig.3 Grid independence verification

HRAEE 3 W LIE ), B RS B A WeEmn,
FUHICHA A8 A HICHR 228 0 1 O R TR, 2 s &
H 1765 234 36k 2 543 210 i), R o
PSS . G, S 7 ERA ORI S5 Rk B 1Y
[ R 2R ARG 3 B30 FUAS, 8 5 A Y ) o0 A% Rl 3 K it Oy
1 765 234, S IE X W 1) WA FE Al SE 2 3 mm, 5] 4
RS 1765 234, RS JERE R ) 9 3 mm 1]
Jr AU 0 A% 4 o3 4

E4 MENDTER
Fig.4 Meshing result
1.5 HBVIGIE
N T HUE CFD RUEE SR A HERf 1, X 5 AN )
RS R s AT B e, [ S i R 4
AN IR R G T B A A A 2 2
T BE A s A — 2 R U g o AR AR DG A e, 1K
B HREEIRE AR 25 C LA PR RGP
PR A G W SRR B IR T B R RRAIR,
Flm e iR BRI T, RS R A
Fr A CHA gl e R UG B B B R sk
B PREE 2 O A, B a0 AT SR it o]
AR o SEER A AR R R L b
AR TR DL s Sh FOk TR A A
Fr USRI 3
6 1y 5 ALIA R MU Y 2RI 20 e
IREE R RE R A XS L



209 EPTAR A5 iR U i A AR S s S i fe

|—48 200 2—AE: 3R AL RS, W& b AR ik R B
4— BRI Ss— R B 6— R
T BEAR R, MR AR TR 8
BS5 RERFRE
Fig.5 Schematic diagram of experimental system
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Fig.6 Comparison of experimental results
and simulation results
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Table 2 Calculation matrix and results
of panel-type radiator

LS M o, 45 SR
A2

H/mm N  Ad/mm Q/W  AP/Pa
1 2 200 7 20 406.21  54.22
2 2 600 7 20 450.52 62.92
3 2 600 7 60 449.88  61.10
4 2 200 7 60 404.75  52.22
5 1 600 7 60 328.48  38.72
6 2 200 7 40 405.38  53.14
7 2 600 8 0 455.52  66.74
8 2 200 8 60 407.81  54.45
9 3200 6 40 509.26  74.87
10 3200 7 60 512.05  75.05
11 2 200 6 60 402.57  52.37
12 1 600 6 20 327.95  40.45
13 1 600 8 40 331.51  41.22
14 1 600 7 0 330.79  42.64
15 2 600 6 0 448.47  62.69
16 3200 8 40 516.61  79.14
17 3200 7 0 513.68  78.87
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ANIZAEIY AT LA oK X 45 R 2 B AT L O
FHL ST 85 22 93 W 4 2R LA 3 Fik 4.
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Table 3 Analysis of variance for heat dissipation

P ¥y F P AT
B 71948.54 799428 27097.34 <0.0001 B
H 6937599 6937599 2.352x10° <0.0001 @3
N 69.75 69.75 23644  <0.0001 B
Ad 6.00 6.00 20.33  0.0028 B#

HN 2.81 2.81 9.51 0.017 7 BFE
HAd 0.1180 0.118 0 0.399 9 0.547 2 NS
NAd 0.344 1 0.344 1 1.17 0.316 0 yNTES
H? 195.81 195.81 663.73 <0.000 1 E
N? 0.506 3 0.506 3 1.72 0.2315 AN
Ad*  0.007 7 0.007 7 0.026 0 0.876 5 AN
k7 2.07 0.295 0
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3 PG E I, B IERRS PR R G
ZRHCRITIUIN 19 R 5 28 2500351 4 0.999 9 #110.999 9,

x4 RIEHBFEDNT

Table 4 Analysis of variance for flow resistance

W FJi ¥y F P BERRRE
BiE 2899.45 32216  1434.65 <0.000 1 e

H 272336 272336 12127.66 <0.000 1 B

N 18.77 18.77 83.58  <0.000 1 e
Ad  23.89 23.89 106.38  <0.000 1 %
HN 1.80 1.80 8.02 0.025 3 B
HAd 0.0029 0.0029 00128 09131 K%
NAd 0.5214  0.5214 2.32 01714 Rp%E
H* 0.8846  0.8846 3.94 0.0876  AEE
N? 2.13 2.13 9.46 0.017 9 e
Ad®> 02387  0.2387 1.06 03369 REpE
k= 1.57 0.224 6
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Fig.7 Comparison of predicted values and simulated
results of panel-type radiators
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Fig.10 Pressure distribution of panel-type radiator
with different number of weld passes
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Table 5 Parameter settings

ZFx BAbs TR R ORAGE  mAGE MR
H/mm  {EEPAN 1600 3200 1 1 3
N JWEN 6 8 1 1 3
Ad/mm  {EHEPHN 0 60 1 1 3
a4 ICON 1 1 5
AP/Pa g/ 1 1 5

6 i T IS T WA BB AU 25 2R
DL S AR B 2Z A )1 22 , 7] LUFE HS T 45 2R A0 45 {i A
MEERW) G R, Hhi S 808 H=2 483 mm,
N=6,Ad=60 mm,

®6 MUERFIRE

Table 6 Optimization results and errors

S8 PE OBME RE%
/W 435.23 439.0 0.87
AP/Pa 5798 58.23 0.43
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Study and optimization of panel-type radiator parameters

for oil-immersed transformer
MIAO Ale', BAI Xiaochun®, ZHU Chao®, WANG Lyu®, LIU Yingwen'
(1. School of Energy and Power Engineering,Xi'an Jiaotong University, Xi’an 710049, China;
2. State Grid Shaanxi Electric Power Company Research Institute,Xi’an 710100, China)

Abstract; Panel-type radiator plays an important role in the heat dissipation of oil-immersed transformers. To study the
influence of structural parameters of panel-type radiator on its heat dissipation performance,the multi-variable design matrix is
designed by using the Box-Behnken design (BBD) method. These three key parameters ( the height of the panel-type radiator,
the number of weld passes, and the difference of the weld pass height) are used as independent variables, and the heat
dissipation and flow resistance are the response values. STAR-CCM + is used for numerical simulation of the model and
corresponding response results are obtained. Based on the variance analysis of heat dissipation and flow resistance of the model,
a quadratic regression model is obtained to analyze the interaction effects of the height of the radiator and the number of passes
on heat dissipation and flow resistance. Finally,the desirability approach is used to optimize the parameters of the dispersion
and determine the optimal structural parameters. The results show that the predicted values and simulation results are
distributed around the regression line. The error between the predicted and simulation results is within 10% , which meets the
requirements of engineering design. The increase in the height of panel-type radiator and the number of weld passes leads to an
increase in heat dissipation and flow resistance,but the sensitivity of heat dissipation and flow resistance to panel-type radiator
height is higher than the number of weld passes. The panel-type radiator has the best heat dissipation performance when the
values of the panel-type height, the number of weld passes,and the difference of weld passes height are 2 483 mm,6,and 60
mm respectively.

Keywords : panel-type radiator; oil-immersed transformer ; response surface methodology ; desirability approach ; heat dissipation

performance ; flow resistance
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