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THERMAL-FLUID ANALYSIS FOR COOLING PERFORMANCE IMPROVEMENT OF
3.3KV(105A) COMPACT RACK TYPE MEDIUM VOLTAGE INVERTER SYSTEM
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With ever rising concerns about saving of fossil fuel resource, there have been an increasing demand for use
of energy more efficiently. The electric motor driven inverters can be a great help to improve energy efficiency.
They are also used to control the motor speed to the actual need. Therefore the use of them can lead to reduce
energy consumption. In particular, the medium voltage(MV) drive systems used for pumps, fans, steel rolling mills
and tractions have widespread applications in the industry. They cover power ratings from 0.4MW to 40MW at the
MV level of 2.3kV to 13.8kV. The majority of the installed MV drive systems however, are in the IMW to 4MW
range with voltage rating from 3.3kV to 6.6kV. But they are required to reduce size and weight like other power

electronic equipments.

In this paper, we studied on the 3.3kV(1054) compact rack type inverter system for improving the cooling
efficiency. At first, we confirmed the tendency of temperature with computational simulation using ANSYS ICEPAK
and actual experimental tests. And then we researched thermal performance improvement designs in order to reduce
temperature of the transformer for the safe operation. It can reduce temperature of transformer that using pipe type
flow guide in the system. As a result, we found out more efficient solution by thermal-fluid analysis.
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Fig. 1 Simplified model of 3.3kV(105A) MV inverter system

ol A= T
3= HA el e T 04?7} x ESH“"J{S 6].

B ArelAds FAtelA] Ak 9l 33kV(105A) A
E @ E}Q)(Compact Rack Type) 11+ QIME] Al2le]
Ao o)y] 9ate] AlAE] B AGE FHS 43
sl A8 Ane 28 Ao AL A=Y 1eln
P19 oh A R 2AE NSRS dfE 6 2

S nhgstel AR AAIEE ANSSI

Rl

2. 48 =4 2 Fu
21 Ag A

Fig. 1 @AMIA 7Paskar Q1 3.3kV(105A) 1Y QIHE
o A BdeoA S flete] weskst PO =E Space
Claims o]-g-3to] T3l A4S 2IaslSict. o] AlARRE A
o]l 97§2] Qe Acell)o] X3k dheke] W2 T4
wo] glom Wzks flate] A 377 A Eo] Qlrk AlAE
AR F99E w9 31 RdEa e 9

(a) Temperature measuring point of cell inverter
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(b) Temperature measuring point of transformer

Fig. 2 Temperature measuring point of MV inverter system

3l U] QIME] A WA LAk dEs WES)
T TRtk W71 255 Ao U] Y5t ¥
717F ZY(Coily A THE F YEF WYY FH &
T 7to|=rF AR Sl

T A AL ?Ja A AC 630V, 7 Ha} 105AZ +
dsiglon A ddye] §¢ F&53 FHR fF F5S
S0l = A ARE Bl By REEY REE
sto] F59] Ao AR-2E W99 80% olatE WAl
BB o] Fol] FUS A FHM ] AAE A

oF 8AI7F FF A2 &8k 33kv, A
= 54 Z4IE Table 101 L}
o 1041A%CH Uy Ao 2= 47T

Table 1 Temperature of cells and transformers

Cell temp. (C) Transformer temp. (C)

UL1~U13 [ v21~v23 [W31~-W33| TRR | TR S | TR T

A47/47/47 | 51/47/51 | 49/49/47 80 83 74
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Table 2 Boundary condition

1,0~ Ripple current[A], Re+= Equivalent series resistance of
the capacitor, Vp-i= DC Voltage[V], 18|31 I,+= Leakage
Current[A]O]E}.
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Table 3 Heat losses of components

Quantity Wi/ea
SO Cell System | Cell | System
Power switch 2 18 109.3 -
Thyrister 3 27 60 -
Capacitance 6 54 7.7 -
Transformer Coil - 1 - 7424
Core - 1 - 2400
Transformer total heat loss - 9824
Cell and system total heat loss 445 13830

Table 4 Thermal and fluid simulation case

Ambient temp. 21C No. Fluid guide Frame vent Pipe vent
Gravity acceleration 9.81 mys’ Model 1 0 X X
Flow regime Turbulent Model 2 X X X
Time variation Steady Model 3 0] (0] X
Ambient fluid Air Model 4 O X O
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Table 6 Temperature of MV inverter system

Model Real | 1 | 2 | 3 | 4

Table 5 Velocity of MV inverter system cell Measuring point of heatsink (unit: C)
Ull 47 41.6 41.0 41.6 39.4
Model 1 | 2 | 3 | 4 U12 47 41.6 41.0 414 39.7
Cell Mean velocity of between fins (unit: m/s) U13 47 41.1 41.0 40.7 39.4
U1l 1.94 1.67 1.84 2.33 V21 51 412 412 41.6 38.8
U12 1.86 1.67 1.78 2.29 V22 47 42.1 422 42.0 39.1
U13 1.89 1.76 1.88 2.39 V23 51 42.0 41.7 41.7 39.1
V21 1.85 1.67 1.80 245 Wil 49 41.7 43.1 41.7 38.8
V22 1.79 1.63 1.68 245 W32 49 41.5 433 42.1 39.2
V23 1.84 1.64 1.84 248 W33 47 413 42.1 41.1 38.6
W31 1.88 1.35 1.74 249 Mean 48 41.6 41.8 41.5 39.1

W32 1.75 1.53 1.68 2.36 Transformer Measuring point of coil (unit: C)

W33 1.82 1.60 1.80 2.50 TR R 74 87.7 118.6 | 94.7 729
System Velocity of inlet central point (unit: m/s) TR S 83 89.6 121.1 973 754
131 335 341 3.19 4.08 TR T 80 87.7 120.3 94.7 722
132 331 3.56 3.21 4.04 Mean 79 88.3 120.0 | 95.6 73.5
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(a) Simulation model 1
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(d) Simulation model 4

Fig. 3 Temperature distribution of transformer
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