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Evaluation of Heat Transport Characteristics of a Temperature-Sensitive Magnetic Fluid System with Power Semiconductor

Devices as Heat Sources

Masataka Anazawa®, Shunsaku Nomoto, Keisuke Kusaka (Nagaoka University of Technology)

The heat transport characteristics of a pumpless system using a temperature-sensitive magnetic fluid were evaluated for power

semiconductor cooling. The system circulates the fluid in a closed-loop channel by applying an external magnetic field near the

temperature boundary formed between the heating and cooling sections, without mechanical pumps or fans. A synchronous buck

converter served as the heat source. After steady-state heating, exciting the electromagnet reduced device temperatures by 9.2°C

and 7.0°C. In addition, increasing the magnetic flux density reduced the system's thermal resistance, suggesting that the heat

exchange performance of the cooling section is important for further improvement.
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Table 1. Physical properties of TC3030W.

Properties Symbol Value
Saturation magnetic flux density
@25°C Baat 30.0mT
Density @25°C p 1.34x10° kg/m?
Viscosity@27°C u <4 mPa-s
Thermal conductivity @22°C A > 0.6 W/(m-K)
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Fig. 1. Temperature dependence of the magnetic moment of
TC3030W.
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Fig. 2. Driving principle of the magnetic fluid heat transport system.

I EFIC KV BMEAMET T 2720, @A < gk
FONIRIRMNC N ThE L 225, ZORER, RIRA & SR
I CREKABTE S DFEFM AL ©, ARIBAD B SR A~ >
IENFE AP BRET D,

AP = Pcool - Phot .................................................... ( 2)

Z 2T Pooo BED Prat 1T, FNENRIRMPB I OERM D
WRARFE NIRRT B E[Pa]TH D, ZDIENZENTHIAD



EEEh ) & LCHERT 5 2 & THA—TEIZEBIT D TSMF
OIFEREMENTFIREE 72 5,

Fiz, (1)R& D, TSMFIZ/ERT 2 BT I IS+
K OB ARIRTT D, £D7®), SMBEROKE X,
BEEN )4 K OBMRIERE ) AR ET A HERNT A —X Th
b, FATHIZE T, B 2 AV CTROREBE 2 B (L S 870
B SNERRER O BRIV TSME 0O BRE) 23 BEFRIC 190049
L2 EREHEEINTWDS, FA—TEEE Y AT LB
Th, HERROBEINTENBIGERE 3w B35 2 &
RS LT B U214

PLEIC LY, BB AT ML, Reo7Re7 7080
BB ATEN 2 AV 37IS, SMITREAR & IR 2510 & - THiiE
EREIEDLZENARETH D, MAT, EMAREIZED
NIRRT D 2 & CRREN s KL OBAERERE ) & Il
HRETH D ANKY AT LD TH 5.

3. VATLEN - RBRAE

(3-1) LRTLER X3 A THV - TSMF 24
S AT LD Z TR T, R AT AL, TSMF 3 AL
ToBN— TR, BV, ENS, BRI CRERL L7,
TEIE, NEE Tmm OFE, NE 6mm OFR YT T T4
nxF L (PTFE) F =2—7 3% X PTFE #kTFIC X 0 #Rk
U7z, IREAES, MEIEE X OB SRR I IZRE 2 v, %
DO BEHEEN 1L PTFE F 2 — 78 X PTFE #kF%2 A
7o AMBOEEITN 12m TH D, HL—THBEN~D
TSMF OFEIL, WREAOKIAZRET 27280 TSMF OFE
ANEHEZEG X 20 RS Z & T o 72, NG TSMF (2
BEEB L ONMBIR A2 5 %25 2 & T, TSMF 255 &85
R LT,

BHEBITIL, WEICHERGEREZ AT 57 LI =0 A8l
HHNCEBLE LTz, 4 R XD ITHE N BB — B
BN LTT I =0 A EIRR THeZAiATe Z & T, TSMF H»
HIMEIK~EE BB ST LG L Lz, Z4UZ LY, TSMF
DSMENER 2> B gk U 7= B0E, W HIK &I L COMER~ B9
HIERCE LTz,

INEAERIZIE, B & L ClRME R A RORET 2 v 3H
BAZHW D XD 28R T N 25 FlE LT, K 4 12T
X IR R T S, ZTERUCER Y £, T3
ACHEA LT RS ESRAM A I L CEIE N D TSMF M
THMEE Lz, Zhic kY, BESEERC ST — ks
NA ATHRAET D %% TSMFE Uik S 27 A~DEA S
ELTHWE,

BERBAGER I ¢ FREREA 2 AV, B R L OV A
A D SREREE & Te AATEIZELE LTz, ZAUC XD, IREEEER
BRI D FEEE A SN B 2 FLIN L, TSMF (ZBREN ) % 564 &
HoHEEE LT,

EEREE, X 4 1R IIMERR L O AR O % AT

SPC-26-113

]

=

Flow direction

TSW

Cooling plate .
gp Joint

-|-4or\,

4

Copper pip/

PTFE tube

wur 00t

T, L~

Tz

A

3 EMERAREE S A T LERE
Fig. 3. Schematic diagram of a magnetic fluid heat transfer system.
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Fig. 4. Structures of the heating and cooling sections and temperature

measurement points.
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Fig. 5. Power conversion circuit used as a heat source.

0.4
03 -
03

©
N
T
®

© ©

e
T T
]

Magnetic flux density B [T]
S
®

0.0 1.0 2.0 3.0 4.0
Excitation current | [A]

o
o

6 MHHEERE C FREMAOREMREEDER
Fig. 6. Relationship between excitation current and magnetic flux

density generated by the C-shaped electromagnet.

T, +T, _T3 +T,
TL-T__2 2
P, P,

loss loss

T, RaldT AT DEATEARFIK/W], T [PCHIEANEAED
IR, T. [PCHUTWEIEIEEE, Puoss [WIE/ 8D — 38K T <1
ATRAELZERTH D, MEGHRE ThiX, 735 ARE
1,1 DFYIEE LT, WHEERE TS HEEE 73,7 ©
EHE & LT, ARFSCTIE, ERRRFICES L7 BE - B

FBIZESWTHEB LT NS 2BEREZRAAELTHY
7‘:0

Rth =



4. EBHER

(4-1) BMERRBR  PEERT NS REBJ L LA
IZBWNWT, KVAT AL T AL ARENMETTHZ L
BRI D72, K 7 AR TR RRISE S A T AT
%ﬁ£@¢%£ﬁ%%ﬁotols;ﬂﬁMé%WWMEﬁ

B DT A AREIRE T, BIET 2 v 5B, A
ﬁﬁr7m/x4/%/ﬁﬂ&ﬁmmm,ﬁ#ﬁmﬁ7ar
Esw7, £, BEIAE OFF & L7ZIREETT A 2%
T, TN RARENEFIRIBICE LI, BEAZ
ON U, REHUHEE 300 mT 2 5AES W7z, ERPITIFICT T
—EBEEH S, HEmEIKIRE % 15°C IZ3GE LTz,

8 LV, FEhiA%Z ON & L7214, Devicel 3 & T Device2
DIREN L BIER T LTS Z EDRHERTE 5, HERT
M&i%, Devicel T 9.2°C, Device2 T 7.0°C Th o7z, Ziux
SMBRESIC KD TSMF 23MEER L, JNEGHD & m AR~ D
HENMEE SN0 THDE EEZLND,

—J5C, Devicel & Device2 TITEFILE R L OVEELT
MBICERA DN, AEBRTIET =2 —7 4 & 50%ICFEHE L
TWa7®, EF7 =0T A4 ATHERAETHERITN
34W THERQFRIBETH D, TDD, W7 /34 A OMEE
21X, EITT A AL R & B haA Lo Il E R I
K3 2 B ERPL DO 220, T /351 A & BLERAR [ o #A B2t
REOEIZLD LD EEZLND,

(4-2) {HHEBREMIC X 328X DALEDRER

TSMF ZAdGi1% > A T AT, FIINBER-0UREE 25 O H I £
U TSMF OBREN 2388 L, Bdgsieiosm 4252 &n
WEINTWD, —F, WERFE T, RN O3t
7% Bk B O INRIER I N E L R B MR I T
02 HHERER OO AT & 2B EE ) m EI2i
RARD D LB DND, FRC, FEERT AL ZAZBIRE T
D54, TSMF IZ X AEREMEfE SN LT, BEES
TOEIN 53 ThFIE, T34 ZEE ORI R
HIRR S AL 2 ATHEMED B 2,

T ZCAMIRTIE, WHUKIRER XTS5 A AR
e L, MBRAORERREE 222 ST BEOER
HEE, MHAERIRER X OV A7 A EMBIRSTZHIE LT,
B 8 LRIBEDEET 2 v/ EIEOBESRFICIHNT, B
4 DIEREAEEE % 100, 200, 300mT &AL X E7-EDIR
R L OBMRBLO RIS A % X 9 1R T,

X9 kv, FRAEBFKBEZL 100 mT 75 200 mT ([ZHN S
T2 BE, BRI TR T L, MERTIRE TX LR L,
FTo, TAUENBMEFL R BIK T LTz, ZOZ &0b, B
WO E DA X » TSMFE OBREAMEI L, T /54 2
DA ~OREENMEE SN B2 b D,

—J5C, FRAEBABEIE A 200 mT 2>5 300 mT (ZHIN S
72356, WHEIERIRRE T XS I B L2, BUREEE Th

SPC-26-113

B 7 ERICAW-HEMERAREE S X T A
Fig. 7. Experimental setup of the magnetic fluid heat transport system.
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