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NOMENCLATURE

Symbols
A . Cross—sectional area [mm]
P : Duct half-width [mm]
b : Duct half-height [mm]
C . Pressure drop coefficient in the fully developed flow
region
Cp : Correlation coefficient
D . Pipe diameter [mm]
D, . Equivalent effective diameter [mm]
D, © Hydraulic diameter (=444/(z+ 4) [mm]
Az p - Grey level in the lst frame
;f : Average grey level in the 1st frame
o : Gravitation constant [m/s’]
2o(z » - Grey level in the 2nd frame
} . Average grey level in the 2nd frame
AH : Manometer height difference [mm]
Ik © Unit vector along 4 » and z-axis, respectively
Ve . Incremental pressure drop coefficient in the entrance
region
7 : Length of the test section [mm]



Z. . Exit length [mm]

M . Magnification factor

P . Wetted perimeter [mm]

Ap . Pressure difference [N/m?]

R : Radius of curvature [mm]

Re :  Reynolds number of steady flow [=D,u,,/v]

/ . Time [s]

«, v, w - Velocity components in 4 , and z-axis, respectively
[ms]

«,, : Cross—sectional mean velocity of laminar flow [ws]

x+, v,z - Rectangular coordinates of the test section

Greek Symbols

a - Orifice discharge coefficient
¥, © Specific weight of alcohol [kg/m*s?]
Y, - oSpecific weight of air [kg/m?s?]

A . Pipe friction coefficient

A Aspect ratio of a rectangular duct

p © Coefficient of viscosity [N-s/m’]

v Coefficient of kinematic viscosity [m?/s]
p : Density [kg/m®]

T ¢ Shear stress [N/m”]
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Subscripts

cl

Ccr

st

Value on duct center-line
Critical value
Cross—sectional mean value
Steady flow

Dimensionless quantity
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ABSTRACT

A Study on the Velocity Profile in Desktop Personal
Computer of Sirocco-Fan

Kim, Geon-Il

Advisor : Prof. Lee, Haeng—Nam
Dept. of Mechanical Engineering
Graduate School of Chosun University

Rapid development of CPU integrated circuit has brought rapid
increase of electronic equipment quality including computers.
Developed technology that to integrate CPU chips on printed
circuit board has brought acceleration of micro and higher—-density
electronic systems. In particular, Desktop Personal Computer needs
increased power consumption of CUP and PC is getting thinner.
Therefore, heat design of PC has been considered as a worse
condition. PC inside is air—conditioned with a use of radiator grille,
heat pipe and Fan.

Due to intensive development of CPU, more heat are producing
in CPU and inside the PC case. So a technology to discharge the
heat outside the case efficiently is required. This study analyses
axis—direction velocity distribution, 2nd flowing distribution,
shearing stress distribution, pressure distribution, and Kkinetic
energy distribution occurring inside the PC case, changing Slot
factors in respect to installation of air inflow and discharge Fan,

Sirocco-Fan which discharges air in PC, and peripheral devices

— viii -



and presents information on design of PC cases.

It is to study flowing characteristics inside the desktop personal
computers with a use of PIV test. Under the condition that
inhalation and discharge Fans are operated, particles of ZnO(tracing
particles) are diffused into the mouth of the duct to measure the

characteristics. The results of the test are summarized as follows.

(1) Many vectors are distributed in right middle of the case
because of Sirocco-Fan installed in discharge direction. It has a

great influence on discharge of inside flowing in PC .

(2) In left top which is not directly influenced by inhalation and
discharge Fans installed inside the PC, flowing occurs because of

pressure differences of Sirocco—Fan installed in the right center.

(3) Flowing occurs more definitely in bottom of the case when
Sirocco—Fan is operated compared to when it is not operated.
However, when the Sirocco—Fan is operated in discharge direction,
more parasites between Slots and inhalation Fans are found. It is
thought that it is influenced by the sirocco-Fan while fluid inhaled

from inhalation Fan flows to the discharge Fan.
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7}. Particle Tracking Method

Particle Tracking Method(YAFFAH) FolA 714 HAHO T o] &5
71H S /MEE=AF E(discrete centroid)”7] ot} E =

e d%d ¥ maq 7 ol TAYNA ARFAYR] =4

2273 5
e BAGEE AR o ZRE AH FRANE ol Y
ofth, vt el Sk woldw efuHY BAREL Y F A

. Grey Level Cross Correlation Method

Grey Level Cross Correlation Method(AZX A4S =234
= N A A AFsta 4 AR W AR Z EAR O] AR
FadrE AR ALSEAY FET(Fast Fourier Transform)4Hs o] &
sto] AMEE & 7P 2 ARARATE e AXE Zdld Alolo mlAa
NIIA (AR HFIIFoEN AT W HaEEREE dojds
7o)tk z7lol= 270 o] el Bgeo] os) Abdhd AR PS5t

_15_



dgte} 22 I AFu A A AFsta wlA ZARE U G4
Young's fringe #2410y} 27133 gTE o] &3l AA =S AF

S gEgol FHE o=tk HAW of WP SRy Wgago)

o] 83}+= 1-Frame Method} o] g ol &dt= 2-Frame Meth
od, 283 A8 Fo giS AFE-s= Multi-Frame Method2. 2 U
o x

Holup A=A ZAY ol shte] Zdws ol &t Sk

7 o 7)9] Pulse® Codingdti= Multi pulse coding®. Streak®Z}
Pulse codings Z%st= WH ol A £=E Alitstr] deol &

Fdoll tstd FdS ol &3 (Thresholding)std] YAFH9] adE =
, SFHEE =ol7] 98kl A3 e(back- ground noise)& A7
gtk el R JAEe] AAE gAsta, =AAN T A EE 4
Exo g FPgitt A ERASE Tl €2 &S 1-Frame Method
o] AL3dle] £=WEHE T HHS Fig. 33 #th Streak?t DotE
=233t WS o8 w Chopperg F3she F9o 7|71 E4% v E

° Sl SH F WolA AAES] FAdol Fig. 49 2o

5 1
ZapA Beh olw A FUAS HA Qo FREH Buse] 47 2

o1

=
=
i=]
FL

_16_



ofn

2k Al

[e)

0]
PR

gholl 7194170}, o 7] 9
7}et4=(evaluation function)

4540 HE
gl o)
ne%

A Ek o714 M

S

=
=

3

bl =

)

-
R d

AFA 0 2

Al 52 2 @2-D=

S

e 7
magnification factor

bl

A3

S
=

AR &

:I.L

Q87

T
a

gt

g o)

KR
|

=HE S

=
=

- (2-1)

Ay
Ay

A
_ B
= AN

Velocity

C

Start
=

Image Capture

Edge Detection

Thresholding

Noise Reduction

aclking

Velocity Tr

Velocity Vectors

-,

-

Data Storge & Post Processing
-

LN

End

Fig. 3 Flow chart of the 1-frame method

_17_



F

A

14

SW

to+AL

t

Ay

A A
r DX
N,y

IW

I‘mage 2

Image 1

to

Interrogation area (NxN)

Velocity
of a small sub-region and known time Ay

Fig. 4 Velocity vector calculated from a displacement

&}, 2-Frame Method

N
o

|

o

:I.L

oM 7Hg wol

1zke] Wl $- Fout 2

=
=

bl muE

S

o) =4S AL

o
H

e
LN

2-Frame Method

A

5=

i

ol M mad 7]

T

A

B

Zo7} 279 3

A

Al

B

)l
—_

—

0

o)
3

=
=

A
- (2-2)

)

T

i 2

o

=

r}

|

_18_

= g(a—ubt y— D))

Ax, ) o(r, = HEFE F Ao, oju] £} 4
A, 3)



2 (2-2)9 LA pasE PFT 0 mAaNSela, o) g0 AR
Asi ohet 2ol el 4 9l

21 Zf‘,l[/(f, D= Nes—s,/—H— &1
Cuw = . 1/2 (2-3)

{ Zl /Z:II[/(Z/) ][g(z—s*/—/)—g]}
Fig. 5914 Ar 2 ¥-o] Al 1-Zd Y oA SEHEHE F3517] ¢
st Wy o] AlFE YERATE o] HI Al 2-ZE| Y AollA g FGM)Y

o] BE AAoA Y HHFIUXKIY g(r—s y— ol dH3 A (2-3)=
o] &3t HNFEFBATE ALgTt A7A, 2} o= A Al 1-Z
ddyt Al 2-Zede] Ha AXAE oAvstH, ~2F = 44 Al 1-Zd
Y3t A 2-ZHEde 4o Axzs gt o g o] IgE F
oA Fig. 63 o] HANFTdRge] AAE o o] FHo] vz £
HEj o] FHo] H= Zolth o] W A (Correlation area)= Al 1-
ZY g3t Al 2-ZedolM 4 HAo AXAE Hlasr] A3 GG
3

g FUe 279 WHL ojngct A

L
o
lo

-

o (Searching area)= A 1-
-y e THo] &S 7 Ade HAL

2
ojmgct ek, gAGAS Uy A ARG ANzl e 4
Z= A

H
o)

o,

%,
1o
>,
o
=2
>
2

T
X H
to
S
=
nl
N
)
122
ox,
i}
_l
%2
o
r
o
182
Lo
o
N
rr
Ho
offt
o3l
=
=
AL
>
)

AR Fofop gt} ojef ol F Jhe] ZEdES o8 FHAA]

_19_



953 SdE e AEr Eojd 37t g7 wiEoltt

Fig. 5 Principle of the grey level cross correlation

Maxinmumm Correlation Coefficient

N D] Thc iy S B O TV

Fig. 6 Maximum cross correlation coefficient.

_20_




UCT

—
ey
<
e
T
&
=
5
Z,
ﬁ

Fig. 7 Experiment Duct

Fig. 7+ 210%450%490m(7}Z*AM Z«2lo]) A 7]°] Desktop PC9 =7]
°of APgEo|r bme FA° F9 olIAHE AT o] HES A
Holl 120me] FYFan, FH 92m ¥=Fan, CPUA &4, WEFany}
7%02 90513 92m dZFanc] A= 5749 Slote] FUFant

A9t FY9Fan Adole JAE wdsHA FeEE

o
o,

ol wWhafo

R4 O ©°

A= 210%450%250me] AMAWAE AAstal WE Fan $Hol& 210+

AN

450%+300me] GEE A3},

_21_



2. % HEE

CPU ¥ =4,

wh G

WEol AFEE Fand ADDAARS] 120mm, 92m=7]9]

o

A o] PFano. 2 7709 Y/lE 71A 3 9l DC 12VE A& Zka)

P
e e Bl Tl B &
AHg3t] Fano] RPMS =83 &
= A

& Z+7F 72.0CFM, 26.3CFM3} 34.4DBM, 16.0DBM< 7FA 1L 3l
2o Hov 3Pin Typed 7IAAFE

slo] ¥ Aol 47 A ALga]

Table. 1 In, Out, CPU Fan Specification

120mm 25T (#1/3P)

92mm 25T (+A1/3P)

Dimension

120 x 120 x 25mm

Dimension

92 x 92 x 25mm

Bearing Type

A (Hydro Bearing)

Bearing Type

A (Hydro Bearing)

Reted Speed

1000rpm = 10%

Reted Speed

1500rpm * 10%

Reted Volltage

12V DC

Reted Volltage

12V DC

Reted Current |0.24A Reted Current |0.09A

Air Flow 72.0 CFM Air Flow 26.3 CFM
Noise Level 34.4 DBA Noise Level 16.0 DBA
Pin Type 3 Pin Type Pin Type 3 Pin Type

Sirocco-Fan< W& &3 7| Hls] 4
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B o=, WAL 1974 Eck7t 19 AA A ALgglon friolyt
U)X ol 5= Squirrel-cage Fan, T+ Drum-rotor Fan, FC(Forwar
d-Curved) centrifugal Fan 522 &8 1 9t} Sirocco-Fan& AE
5712348, Y& blower & WE&HF &EE 2ola Qla, oojAd
(air-conditioner), =%7], 2 Z7|(hair-dryer), sz A& F
7] & HlaA o g AgFo EE7HA FRASHA AMEHIL e olE
CPU$¢} Slote] Alolell AXA|alolth. AF8-H Sirocco-Fan®] AlY¥-& Table.
200 ZpAI3] 7] A = AT

Table. 2 Sirocco Fan Specification

C+2.0
B -
A | |
| |
w' = _ - n— T . ]
‘ %y ik : _—
Model No. A B ¢ D E F G
AC-060-010| 116 142 188 98 90 36 60
2= 50Hz 60Hz Al Floaw-CF Micubsc footimirain)
a5 Fil | 106
4 OF /At e
Mot/ab | 220/1§ |220/1 ¢ eoa] "‘“‘*-L-ﬁ__, ] __r_. :
2 El| 15 15 || e || . ’ 3 §
1500 s — __ | .o .
cHlE | 12 | 2 I ENEEEE
i i &
p” = =EE S o
8 & 010 | 017 - 1 T i :
3l ® 2| 1600 | 2300 |lm 4% s i 02 Ll &
# 15 4 - {Hﬁﬁ w8
fes 2t | : A
= S 1.5 2.0 g 3 = i 1, ]—-—D-'l?“ o @
S| ot 2.0 4.0 g H ——— l o |30
o - L —— — om0
A S| 45 48 ? :‘"“w - :
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3. Particle Image Velocimetry
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Fig. 8 Schematic diagram of the PIV system

_25_



802 81 B 2 OSH

1. PIV &

PIVAE Al 29 255 AL20ToA 1T, S5 40%°04 £1%2] 2}
E A AFeH AERAE 7o FA A 79 o)A g &
AE ZnOCHISZFRE ARSIt fxbe] At el A
Surge tank?] Fanoll 9]&| o]Fojxal #d EXE 98] Henny Combe A
8Tk YA7F Test sectiontfol] +3 & F-u7] Fang Z&AlA Surge
tank 2H-E] AE = 95218 s AR

B M7 zHA 0 2% Photo 4, Photo 59 #o] PCTro 2 HE 330mm g
oA Aol Slot 12 AXstx 22t 20mtFoez A" 6702 Slote]
Test section 942 FH5 stk CCD ZhHgtol] AAZ SHH AlgF9

Test sectiong 450mmx495m= ZAgkon, 14 FE9 F5A94L

ot u
[
ol
o

o

B B CCD7HHIERe] Erd st Bpd ol 2447 g dr)
2 Al 7SS ffal AHEE AHl= Table. 33 #o =
Aal =B FHeEte] F718E AlZleH AOM< ol &3t HEgE A317H4
S AL Laser system< 514.5m} 488.0mme] 718 3343 Wkl
Ar-Ton #lo]# &4 He-Ne #o|A ¢} #AFshL} ionization¥} excitationg 9
A dds] 2 ARE FoAT F Uvh AFE G I

AV}

(Matrox DATA Translation-256 Grey Leve) 25 oldZ 145 E 221
o YAEYEARE vt &, 7 AAE A2 A8 AZE o CACTU
S3.2& o] &3t

_26_



Table. 3 Specification of PIV system

[tem

Specification

Visualization

Image Grabber

matrox
(DATA Translation)
- 256 Grey Level

Light Source

7W Argon-Ilon

Equipment Laser
Sheet Light LLS probe
Kodak(ES 1.0)
Camera 1008 H x 1018 V (1,026,144)
Working Fluid Air
Measuring Temperature 20T %1
Condition Particle Zn
Time Resolution 1/ 60 sec
Host Pentium IV PC
Computer (CPU 2.54 GHz RAM 1G)
Cal%lijrlri;[ion 30 frame/sec
Image '
Processing Cactus'2000
Identification (grey-level cross correlation
algorithm)
Number of Data for
Time—-Mean 65 frames
Probe KANOMAX LLS Probe
Laser LEXEL Argon-lon Laser (Hd] 7W)
Kodak(ES 1.0)
oy CAMERA 1008 H x 1018 V (1,026,144)
System matrox (DATA Translation)
Equsjlpments Image Grabber - 256 Grey Level

Computer

Pentium IV PC
(CPU 2.54 GHz RAM 1G)

Software

CACTUS'3.2
(Cross—Correlation Algorithm)
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2006707/21 22:26

Photo. 1 Experimental equipments of PIV and test duct

2006/07/21 22:16

Photo. 2 Date acquisition and processing system of PIV
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Photo. 3 Fan 1,2 and Sirocco—-Fan ON PIV Experiment
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Photo. 5. Re-Stress by Sirocco—-Fan On
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(a) Slot O (b) Slot

(c) Slot 2 (d) Slot 3

(e) Slot 4 (f) Slot 5
Photo. 6. Averged T.K.E by Sirocco-Fan On
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