Btk O GLICBI$ 5958 (1)
R =", MACCA®, TR, SRR
CFR 2 4F 8 H2THZED

Visualization Study of Thermal Fluid Flow

Yoshizo Okamoro*, Fumito Kaminaca®, Toshio Takanezawa™*, Yoshihiko Marur***

ABSTRACT —Electronic components consist of many kind of the electric parts, like IC and LSI,
resister, condenser, cylister, etc. The cooling techniques play an important role of designing those
components. Experimental study of the flow pattern around the electronic parts arranged on the base plate
surface had been undertaken experimentally. The rectangular promoters were located on the base plane
with IC elements which simulates the IC and LSI elements. The flow pattern arround the promoter was
visualized by smoke, mica, dye and aluminum tracers. In resort, ring, arch, swirl vortices arround the

promoter had been clearly visualized in photographs. The report shows the results of those flow pattern and

its mechanism, induced by the vortex behind the promoter.
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Table 1 Methods of Flow Visualization
method tracer fluid| velocity Re
1) surface floating|aluminum water| 5 ~ 20 |10000 ~ 40000
2) suspension mica Tio (3um) ” 0.5 ~ 4.5, 200 ~ 2100
p (54 m) ” 0.5 ~ 4.5] 200 ~ 2100
' (10 m) # 0.5 ~ 4.5] 200 ~ 2100
nylon (150 u m) ’ 0.5 ~ 4.5 200 ~ 2100
spherical glass ” 0.5 ~ 4.5 200 ~ 2100
3) streak injection|dye (black, red, blue) ” 0.5 ~ 4.5| 1000 ~ 2100
smoke (vegitable oil)| air 20 1714
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Fig. 1 Flow Pattern of Suspension Method
V=2.0(cm,s), Re=1200, Treacer;nylon
(150 # m)

Tracer,/Water=3,7250(g, 1)

Fig. 2

Flow Pattern of Suspension Method
V=2.0(cmn,’s), Re=1200, Treacer;glass
Tracer,”Water=3,7250(g, 1)
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Fig. 3 Flow Pattern of Suspension Method
V=46(cn,s), Re=2760, Treacer;glass

Tracer,”Water=3,7250(g, 1)

Fig. 4 Flow Pattern of Suspension Method
V=45(cm,’s), Re=2700,
Treacer;Mica(3 £ m)
Tracer,/Water=1,250(g, 1)
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Fig. 8 Flow Chart of Smoke Generator

ME240mn, & X 60mm D HERBCE & 23 BT T
WEME L, PLr—t—i%, BHAYAS rAALE
EEEEAL, IOV =y bR —X—x LAV IT
WEDTEYFEETHERERBERA, B e
£ — & =PI A 10 B, AR25mD <4 75 Ko
SHIRHKRICEA LTz, i, A4 FREEB®KE L
T, EWEABOIAINDOREFBIETHLISCHBEL
1o

4. EBER

REFHESE, BB, EARIKE, © X 5¥H
Bhh @B omh OrGibiiT- ., TOREY
LLFwresd,

REFHECLIDERTAE—F—DEHY
DFEN

4.1

T Tk, Fig 1LISR LcBREH KO i fw, —
EER CHEBR L IRAAT, RECAR T2 FEXE
THADOTRILETT - 7o, RBREMF% Table. 212R T,

Table. 2 Test Condition of Flow Pattern around Square Promoter
by Free Surfoce Methods

Re = __2_\;i__ H = 100 (mm)
Fig.No. |width(mm) [height(mm) |velocity(cem/s) Re pitch(mm)|tracer|time(sec)
9 20 20 19.0 41120 40 Al 1/15
10 20 20 18.0 38957 80 Al 1/15
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Flow Pattern around Square by Free
Surface Method
w=20(mm), |=20(mm), V=19.0(cm,s),
Re=41120, Treacer;Al, p=40(mm)

s.s 1,715
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Fig. 10 Flow Pattern around Square by Free
Surface Method
w=20(mm), 1=20(mm), V=18.0(cn,"s),
Re=38957, Treacer;Al, p=280(mm)
ss 1,15
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Table. 3 Test Condition of Flow Pattern around
Cubic Promoter by Suspension Methods

Fig.No hi(mm) |w(mm) |H(mm) |v(em/s)| Re tracer position
11 10 10 100 1.2 720 glass vertical, middle
12 20 10 100 0.46 276 |glasstmica | vertical,middle
13 10 10 100 3.1 2220 |glass+mica | horizontal,middle




M, Mok, &R, U D BGEOTERILICBIT A% (1) 211

Flow dlirectlion
_—

D

e

—)

Fig. 11 Flow Pattern around Cubic Promoter by
Suspension Method

h=10(mm), w=10(mm), 1=10(mm),
v=1.2(cm,’s).Re="T720, Tracer;Glass

Vertical, Middle, s.s 1,71

Flov direction

Fig. 12 Flow Pattern around Cubic Promoter by
Suspension Method
h=20(mm), w=10(mm), 1=10(mm),
v=0.46(cn_’s),
Re=276, Tracer;Glass+Mica(3 ¢ m)
Vertical, Middle, s.s 1,71
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Fig. 13 Flow Pattern around Cubic Promoter by
Suspension Method
h=10(mm), w=10(mm), 1=10(mm),
v=3.7(cm,s),
Re=2220, Tracer;Glass+Mica(3 ¢ m)
Horizontal, Middle, s.s 1,71
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Table. 4 Test Condition of Flow Pattern around
Cubic Promoter by Smoke Streak Methods

Fig. No. hi(mm) |w(mm) | 1{(mm) |v(cm/s)| Re tracer position
14 40 20 20 0.2 1714 smoke vertical,middle
15 60 20 20 0.2 1714 smoke horizontal, near wall

Flow directlion

Fig. 14 Flow Pattern around Cubic Promoter by
Smoke Tracer
h=40(mn), w=20(mm), 1=20(mm),
v=0.2(cms),
Re=1714, Vertical, Middle, s.s 1,8
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Fig. 15 Flow Pattern around Cubic Promoter by

Smoke Tracer
h=60(mm), w=20(mm), |=20(mm),
v=0.2(cns),

Re=1714, Horizontal, near Wall, s.s 1,78
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Table. 5 Test Condition of Flow Pattern around Cubic Promoter by Dye Streak Method

n;Cubic Number (row X column)

Fig. No. n h{mm) | w(mm) I(mm) | v(en/s) Re direction
16 1 20 10 10 2.6 1560 plane
17 1 20 10 10 2.6 1560 side
18 1| 20 10 10 2.5 | 1500 | back
19 1 20 10 10 2.8 1680 side
20 5% 5 20 10 10 3.0 1800 plane
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Fig. 16 Flow Pattern around Cubic Promoter by
Dye Streak Method
h=20(mm), w=10(mm), |=10(mm),
v=2.6(cn,’s),
Re=1560, Direction;Plane, s.s 1,760
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Fig. 17 Flow Pattern around Cubic Promoter by
Dye Streak Method
h=20(mm), w=10(mm), = 10(mm),
v=2.6(cn,s),
Re=1560, Direction;Side, s.s 1,760

Fig. 1813, Fig. 1T Lz iSO &R %, A
PO RSO THEH, HHMivELN, Ox 5 AR
R TESR Y b OBETHAGRIEI i,

Fig 194, R ik Li-gbhic L AEAREIRE T
i, MR OEEOBENRZ B0, S LIZBIBITHT
NE 501, AREOREICHItx b, TDOHs
I0A VI REATES LI L, h=20(m), w=
10(mm), 1=10(mm), Re=1680 DA D%, FIRNED
EHES S, BHCED - TA V2 REALEADH
hERLILDTHD, HREAEENE O TH
FEERC A L ER, TO%K, —ELhcEkE
RS THEER Lcd L BRCA» - THh b, %
fo, fARISE R iz ho—#d, AR % 5T
FFL, MEFC E TELTW5,

Fig.20t%, h=20(mm), w=10(mm), 1=10(mm) ® 4 k=
%, 10mfER CHAEEADHENC S » W_HED

uo(12311p A0(4

Fig. 18 Flow Pattern around Cubic Promoter by
Dye Streak Method
h=20(mm), w=10(mm), I=10(mm), v=2.5(cms),
Re=1500, s.s 1,760
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Fig. 19 Flow Pattern around Cubic Promoter by
Dye Streak Method
h=20(mm), w=10(mm), 1=10(mm),
v=2.8(cns),
Re=1680, Direction;side, s.s 1,760
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Fig. 20 Flow Pattern around 25 Cubic Promoter
by Dye Streak Method
h=20(mm), w=10(mm), !=10(mm),
v=23.0(cm,”’s),
Re=1800, Direction;Plane, s.s 1,760
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Fig. 21 Figure of Vortex Combination
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