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Optimization Design of Ventilation, Heat Dissipation and Airflow Organization for Fully
Indoor Modular Substations Based on CFD Simulation
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Abstract: The fully indoor modular 110 kV smart substation, due to its limited indoor space and concentrated heat-
ing of electrical equipment, has exposed such problems as high indoor average temperature , excessive partial tem-
perature and difficult temperature and humidity control, which is not conducive to the efficient and safe operation of
electrical equipment. Therefore, in this paper the indoor dissipation and airflow organization effect is improved by
controlling the inlet and outlet parameters. First, the current status of ventilation and heat dissipation in standard-
ized design and prefabricated construction of substation as well as the heat generation of electrical equipment are
analyzed. Then, overall 3D physical model of the substation is set up based on the real situation and the tempera-
ture field distribution as well as air flow distribution of simulation are simulated and modeled. The numerical simu-
lation results show that the average indoor temperature is 48 “C, which is higher than the indoor temperature design
requirements in 110-A2-6 design scheme, in which the average temperature of the capacitor compartment is the
highest, which is 55 °C when the fan is not operated. Tt is found through the analysis of the velocity field that the air
flow rate near the electrical equipment is less than 1 m/s, and the indoor airflow vortex nearly coincides with the

high temperature area. Finally, the design of the optimization scheme is performed. Since the temperature of the the
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capacitor compartment after switching on the axial fan is 45 °C and as for the characteristics of the capacitor com-
partment as well as ensuring its constant ventilation volume , three optimization schemes are propsoed by changing
the size and position distribution with consideration of the air flow organization distribution. It is found by compari-
son that the ventilation system natural air inlet+ mechanical exhaust is arranged on the same side, the air outlet is
arranged above the disconnector frame by the ventilation tube and the shutter width ratio is increased 0.48, the tem-

perature in the capacitor compartment can be reduced to 37 °C, which provides a case reference to solve the prob-

lem of ventilation and heat dissipation in fully indoor modular substation.

Key words: modular substation; heat dissipation and ventilation; air-flow organization; optimization design
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Fig. 1 Plan of the first floor of the whole indoor modular 110 kV intelligent substation
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Table 1 Thermal engineering parameters of the

substation envelope structure
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Table 2 Parameters of the axial flow fan in each room of
the modular substation
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Table 3 Related models and parameters of each

electrical equipment
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Fig. 2 Analysis of mean value of monitoring point data

and simulation results
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Fig.3 Temperature field distribution perpendicular to the horizontal height of the z axis
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Fig. 5 Model of ventilation and heat dissipation and airflow organization in the capacitor room
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Table 4 Optimization scheme of ventilation and heat

dissipation and air flow organization of capacitor room

VES Nz

TR T O E M 600 mmx1 500 mm #ERG, F 5 KBLHEX
7 8 600 mmx1 500 mm HEX, 5l XX

1

% SR FF B

5 BB 600 mmx2 500 mm FERG, 7R XBLRLIT
Jr%2 .

JIRGESIS

TOHEME 1200 mmx2 500 mm PEXC, F o5 5l XL
VE X

METGHE SIS N Wi

B RHLG , 2 N TR h 58 4 B 2R XUET 55 °C R
F 45 °C, IR SEFEARIREE N 10 °C /247 T 1.2.3%
SR R 7 YE R LA R 0.4.0.24,0.48, TS
15 N ARIRE Ny 38 °C 247, 5 56 2 S N AR %
HF39 °CLAT, FREIBEWIE N 3T °CLEA, T3
it b At . PR, 48 K I B R
0.48 B, B A5 F % S FE 3 TU@E%E‘JW%
AR B A HE TR A DT 42 i i KU AR



W5

5, BRE, IR, 55 JET CEDREMI A P AR H Al AR HRL ity i U R e UL Ak et <57 -

SR 5 RN 3 e U HE XU T AT A R g T G 2R 7
I, T LA A S N I OR3P e 0 AR, X L

x=1.5m x=3.4m x=4.5m
o — —— —
s s, [ a8 Y N s
9% 31486 %, ( 31593
| 1&9? e 31700
] 0 6 I
[ 31486 a0 1 313.79) %
Ll as \/} ?Al : L 317.00/ i > |
o0 /r‘ e T )
| " | N F’|\ H 1 | S| e
} N i ) A=
i | 313.79 | | 37z, o | B 317y )
| I 31271 ‘ ‘ i f L 314.86. ) | i'*’“l‘, ' 2]
| . = il el N |
x=0.7 m x=2.5m x=4.3 m
E = | 153 31486 e
31164 [ ) ( 3 ‘ L. 7ol —
31087 y
N 3 o
31057 sren 3057 (S
Ik 33‘157'9:0 31379 rgg o &
309.50__: 4‘ ) A | 30950, o,
‘ 3271 Iy =]
r.. 31164 T2 Bl e | [
(SETEE 1
Wi =l | | il 3180
=B MR | ansETE, s
=]
/K

. = .|
302.00 304.14 306.29 308.43 310.57 312.71 314.86 317.00
303.07 305.21 307.36 309.50 311.64 313.79 315.93

Iy i
(a) JRUH Ty ZAETY
x=1.5m x=34m x=4.5m
A LA === 7 B 312.7) SR
|
Bl N = °9
3 ~ ]
. 3164l | == i = 3|7m~~» — 3700
! 312.71" ] f a0 | 31271 i’f
317.00 l | ; ] | 1 L
e - = =
| e I | SRR I} S |
x=0.7 m x=2.5m x=4.3m
l_slio.g s [ j)’\? = 2, [ TRy eaEa
3, — ) e S
— 310.57 sem 311.64 “ 31057 31277
13.79) . i | 313.79
= | S
4 ‘ GRS l ‘ § s
M|k | Bumn ‘ 7::::1, £
/K

[ A
302.00 304.14 306.29 308.43 310.57 312.71 314 86 317.00
303.07 305.21 307.36 309.50 311.64 313.79 315.93

(c) /7 F2 Y

J iR T3 S X A A A S A7 Y 3 AT
T7 5, nT LR 2 A TREE FFREARR 6~8 °C Zifa

x=1.5m x=3.4m x=4.5m
—5\\9 TN BB~ B 312.71 312.00 ; T N
310.57. 32
i 8 o 0
| ‘ 310 | s » o o
s, TR | e 31 Y & Ja7s
| | o s [ sis7s 31450
) | i | 1
f | 3, i
= ‘ i N )
3nm o 1 1 { i 31200 ifl
| s | | | i | ‘ ) 31200,
| J 1 b 317.00 L} —‘
x=0.7m Xx=2.5m x=4.3m
— ‘y"’— [ — %\;’ J,'I' e 316 31271
—_— {5
— -3 G 2 — . 312,71
309.50. 31;:5‘ e y 309.50 3,:‘“5 s
| | et 13,5, [ i | | | &)
‘ | hi ¢ (111 |5 I e
1] ¢ | A | [ I &
LU 31164 1y, LLILH g |
_ = n LLERL] [z SSIEENETE A L

/J]JIFF/K
[~ . B
302.00 304.14 306.29 308.43 310.57 312.71 314. 86 317.00
303.07 305.21 307.36 309.50 311.64 313.79 315.93

N g
(b) J5 ZR 1Y
x=1.5m x=34m x=4.5m
31164 309.50 } AL BT s ~
310.57
| Q (] | Q 310.57 O | . e
1309.50 31168 | 2 |
31057 8 31271 =N | { s
j aven e == v e = fi— % — ff
i 1 s 1} 31271 1
‘ I 31271 | ! | { A
| | l \
"‘: ’ \“\ ’ ‘ | ! ‘ ‘ i
‘J 31486 | | ‘ ! | /A Y | %5, et
x=0.7 m x=2.5m x=4.3 m
i 3164 T B - 3\'“ a ‘ i 31164 \
(300.50) ) g | o \\*’1 202.5008 3 3y, ‘
< h B { s 4 64|
‘-‘“5_-,9 ! i ——-—] 3l |
g5 ‘ [ | 31486, |
l | 31271 4 | T l | 31271
N |
= oo oy 11 1
/K

. |
302.00 304.14 306.29 308.43 310.57 312.71 314.86 317.00
303.07 305.21 307.36 309.50 311.64 313.79 315.93

(d) J7Ze3M M

Elo HEREZNERESHE

Fig. 6 Temperature distribution diagram of the capacitor room
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Fig. 7 Air flow organization diagram of the capacitor room
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