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Energy Optimization of Hybrid Ventilation
Operation in Main Transformer Room Based on Kmeans Clustering
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[ Abstract] This work focuses on the optimization of ventilation operation mode to save energy in the existing ventilation of the
main transformer room at the 110kV indoor substation in Zhengzhou city. Based on the optimized layout of hybrid ventilation in
our previous study, an operation optimization strategy of temperature gradient for a hybrid ventilation system is proposed. CFD
simulation was used to determine the start-stop temperature and interval duration of natural and mechanical ventilation to meet the
required safe working temperature of the main transformer room. Kmeans clustering was utilized to group the outdoor dry-bulb
temperature from May to October in Zhengzhou. Combined with frequency analysis, the centroids of the clusters were adjusted to
optimize the typical days. The energy-saving analysis indicated that with the optimized operation strategy, the annual operating time
of mechanical ventilation is reduced from 2400h to 362.7h, achieving an energy-saving rate of approximately 84.9%. And a rate of
47.1% around compared to ventilation strategies based on outdoor dry bulb temperature. The operation strategy is expected to have
reference for the safe and energy-saving operation of substation ventilation systems with regional versatile value.

[ Keywords ] Kmeans clustering; 110kV indoor substation; Main transformer room; Hybrid ventilation operation strategy;
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Fig.3 Temperature cloud map and velocity vector map of the main transformer room under mechanical exhaust and
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FA R NIRFIHRAACT 45°C, ] LUl 2 W &84T

BOR. DRRAE 5~10 HSHIE], WoE: = 4h <29C
B OCF AL, SR B SR K5 s = 4
£>29°C Y S P HARHEIR T, TF e RALHLARHE R
Zgiit, FINTHAE MM IRAE TMY 1 5~10 H i
6], 75 ZIF A XL 686h.

(3) B &8I T RIS 111

BT UL EE AR RS R AT e, A
5T kmeans LG RACHIR B At oL, AW



38 H5 6 1

Mo ¥, 55 BT kmeans R EAR L A4 E B Gl XIS TILL T RERE 7T 751 -

LB T AL SR AN T 5~10 H A AUAGE XTS5
WA I A ZREEARZESE 29~317C.31~33°C & 33°C
DA b 25 3 B 3 ] R AL e X B T B K 23l £
9 1.0. 1.8 K 2.0h, HEMKZ ) 48h. CEREA
EETE 29~31°C K 31~33°C il 5 ¥ Bl i AU e XL H
FHIR B 52958 0.5 J 0.6h, HSBT K214 1.1h,
RHER 3 s, A KB C RIFEAE 7 64 F
554, M A BRI C KA H BF SR 2N
307.2h 1 55.5h. [FUk, 7 5~10 H B 75 25 R
ML K218 362.7h.

B WL, X E A F R ESAMNL, 1817 RS
TIT C SR M T AR RE 26208 84.9% U 11 1715
RERZ1N 47.1%.

5 g

XPACN T 110kV 42 P N A8 H sl 32 748 i 48 =5 11
HEIENISIT R AT R T, BT AT E &8
R ARG RAL BT T, R —Fh E =T AN
R FERL EEB AT AR, il I CFD BUE A
e 1 e AR = 2 A IR R R 1 B AR K5 L
BE A AE FEAT B PR DL R g AT i K. i
kmeans FEEXEE N 1T 5~10 A AT BRI E BT R
%, W RAERBANECON 4, RAMER G HIE
XoF A R B O B AT VR R, DT e e S LA P
AR FE AR A B B R, 33 1T R SR R i AR
H, HTE&BRNRGIEITRA RIS EE DT
WFIER B, SCARYE H AR A I AT Sl ] A AT X
EAEIBATIK M BE A 1) 2400h 987> % 362.7h, SE
KMLTTRER N 84.9%; W ELIET 4T BRI 118
KSR BE T REZT 47.1%.

AT B ARER T 110KV 42 77 AR B 3 o g B
AN FARE, RRF T HET 2 A P A A L )
BT A A8 = DA S Az 47 J7 AR BL I B 4 0], Gn el
B MATHE) BRI R DL SR I A X
PR A P AR L, AR L 1) 2 T R IE AT B
AR

AT FCABAELEA /& A, 51 U351 9 1 FARALL 1T
Sz Bl SN EdE . Fee b, RS PN L
MNESFRY, 420 B A #5 BAS (Building automation
system) R%i, FSERERESE KRG KRG AL
FIZT24, (Bl T fUsiT AR —4, B3k
MEHEA IR BEEIZATR R, f54:n 5 A

H BAS A= i) R 4, K 2 T IR s AL 5 2]

(DRL, Deep Reinforcement Learning ) 55 B /1%
X K Is AT SRS AT LA 7, AT LS ARSI B
FEAADLEAT X B o
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