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New Composite Wick Heat Pipe for Cooling Personal Computers
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Heat pipe is a two-phase heat transfer device, having excellent heat transfer capability and higher efficiency.
It has several advantages compared with other cooling devices such as cooling fans, thermo-electric coolers,
liquid pump loop device are that it has simple structures, no moving parts, no power consumption, easy to install
and maintenance free. However, with the ever-increasing processor power and heat flux, it is a must to improve
heat pipe performance that having lower thermal resistance and larger maximum heat transfer rate. We have
developed the composite wick structure heat pipe, which has lower thermal resistance and larger heat transfer
rate than the traditional wick structure heat pipe. This paper describes the comparison between composite wick

heat pipe and traditional wick heat pipe for cooling personal computers.
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Composite wick heat pipe (FB-G)

WS, BEWIE SNV —TREEDOY 1 v 7 IZEREL R,

X4 (b) I2avRYy b 77437492 (FBG) &
IR LISy 1 v 7328 Y. ZOFB-GH
BTN —TREET 4 v 2 T AT 4 v 7 B RA
GbElbDTH A, FB-GHEEDOAHFI 2 Fix LT IR
7.

c 4y 7 ONE L SRRORBEI X AR EoE

EME .

CBERDL EoRE .

SRS Y 1 v 7 O TTIRRAL L AL D 720 o FK kL
FHASETVD, ZRICX VNS REEXETRED
ZRIG R 2SI .

EitogMLEMEHFOZLI2E Y, FBGk— kY g
TIIHERLL L ORRBEGR BT mEFED, t— M3 THK
DBIEILL MR L VNS R TS,

3. ¥ BR & B

FLwaryRYy by g v rfE (FB-G) &Eko
74 v 7R & O BEERERERE 1T - 72,
P TNELTUTFD3Y 4 7D — b3 f TEHW,
(1) fEkD7 74T 1492 (REEME) 5470
v— ST

28

% 108 &

5 HREREE
Test set up

2) BEL77ANNT 4 v 294 TDe— 34
7
(3) FBGt— k%4 7
3y A4 7L F—- T, Ef6mm, & X200mm T
b, =M TF1IrHoORBMFERL, T2
2.5mm X 8.2mm D VI % 2 202087, HHEHW (B
20mm) & &HEEE (R &44mm) & LCTHo., REBREEZ
HM51RY. fiflov—rTay 7 3giis LTibh,
ZO~F P E S 2mm X F19mm TH E 15mmTh 5. &
HE77 o MF&oe— b2 v 774 ZICEDITo 72,

4. HRBEREEE

5 DBREEICL D, ABEQZ20~35W &L
H, RO AEFOWmE 2z {E L7z,

Q1 E owm (W)

- Ta @ 77 ff&e—1+ v rroAO%LiiE (T)
- Te =28 TOEMEROME (FILEr) (T)

*Te @ e—MSS TOERBRORE (PR (T)

- Th : e—= b7 vy 7 LFORmRE (Fyeip) (T)

— S TORBIEIERD L HITEHR L.
Rcon = (Te—Tc) /Q
Reva= (Th—Te) /Q -vvvvrviiinnneo... 2)

Rhp = (Th-Tc) /Q=Rcon +Reva ---- (3)
AR
- Reon @ & — M8 FOEHHHOEIPT (T/W)
- Reva : & — I3 A FoEEIOBMIT (CT/W)
- Rhp : e— %o ORI (T/W)

K687 4 v 7D e — hS A TR O BRI E
RY. FB-GY 14 v 7L, k07743714 v 78
HEODDOLIKT 5 & ABRIMOBIKYIZ0.55T/ W2 5
039C/WEH30%/NEL BoTWBIENDLNPE, D
ot ix, FB-G 4 v Z7HETIEY 4 v 7 ORLEDS
WRIDDHEHITH—ITholZ l, FIV—TI2X D #ES



W=V F NIy a—FHHAFHR IRy v s v o= IS T

09 r
08
®
% 07f
B
= 06
iy
7 05}
T/W.
( ) oal O_(}\O/o
OS Il L Il Il I}
15 20 25 30 35 40

A#E (W)
> TPANDavD —— EEBL T P AND v D
-0 JVKRIY Y4 wo (FB-G)

E6 #%v4vriEEoe— S, TSI
Heat pipe evaporator thermal resistance for various wick

structures

047

0.3 K
b4
jic)
g O 2 -
1 . ——t— h—D
iy
i

c/wy 01 —
O Il L Il Il I}
15 20 25 30 35 40
A#E (W)

> TPANDavD D BE T 7 AT 4w D
-0 JVRIY rI 4wy (FB-G)
7 %74y riEEoe— S FESETERIKRIT
Heat pipe condenser thermal resistance for various wick
structures

MRS HEHRL Y B REL o2 biZE D, T4 97D
FLE DI —Td 5 T L ITAEFETN OEBRE ORI EALE 2 1
—ICWEIRL LR, Thw 2 EERRORIL % ST
e BV R AL 2 & IR — R R AL ICIRE S 5 2 L2
5. W6TIxE 7, BEIATOT 741N 4 v 7T,
WHROFFEAE S A TOLD LY EAMREICENTHLZ L
BREINTVEY, TR A TOIDIET 1 v 7D
BB L D I— &R0 3 TOREM~OHFEMICIKEE b Bkt 12
INVHHRENTVWDE I EIZED. ABEINOW &Rt
%, $XTCOe— b3 TTHEELOBIKILO AR S
N, e= "M TOFIATI INPIHE ST LIIREN
TWh.

K7 EHICENENL — b3S TEHRITERIKITE & —
b 7S A FREBIKPTZ R, FB-GHE & T 0 Bef B8 o Bkt
DYEL, BEUNIVELS R/l Y1 v 7 DRLE
WEOVE—C o/l 2L b, ZOKPEHMa VR
Vv bua oy 27T, b= IVOBIKNIA084T/W
5 04C/W ES50% L. Lo EN R SN2 L &R

29

141
§ 12+

5 iof

.t

@ osf

biiy 06
n O\-o—o/o
(c/w) O4r
02 L Il Il Il I}
15 20 25 30 35 40
ABE (W)

> TPANDvD A FEERTFAND v T
-0 aVRYY kI vy (FB-G)
K8 #%w4vrHiEor—hxf SN

Total heat pipe thermal resistance for various wick
structures

400
35.0
30.0

# 250
i

2001
(W/cm?®)
15.0

10.0

HE

50 | ] ] | | ] | |
5 10 15 20 25 30 35 40 45

E— A THRFE (T)

> TF7ANDA4vY D BERT T AIND 4 v D
—O— JVRIYY rD1wvy (FB-G)
K9 Kv4 v rHEEORENREZEHEOBELR

Heat flux vs. heat pipe temperature gradient for various
wick structures

LTwW5.

X 9 L2 A& FE R & A I O IR BE A RLAZ 03 % i s o B
BERT. REBEDO-DICE — M5 TOFRRERNR %2
BLCERET S L, oKL FBGHEETIE, kD
T7ANT 4 v 7EOLO LKL T, BAEEMN
10W/cm2 2 5 20W/cm? & 25 DOMWREUFH DS R SN TV 5.
CNIEFBGHEEDO L — 84 TR X D mVWEME L LR
BEUEHEOZLIZE S,

X102, avRI v v 4 v r2e— 17 (FB-G)
DA TEOENIE 2N REREERL TV A,

5. /=M Ty IPCHEHD:-HDDE—NINAITD
BRI 2

K112, EBO/ — b7y 7 PCHEAFOL — N34 7
EV2-NVHIRRT. ZORFOLDIE, 24KD6mm PR
C—tSATE2HEDT 4 VI A T OB L 22T 7
v (771 B~} 45mm % 10mm, 3 AJEE 0.15m3/min,



2005 4 4 H 7 v

E— MM TEET150mm

701
60 -
50+
40t

S ks

=

30

~

20 |

01 FAREL2.5mm

O Il L L L I}
0 2 4 6 8 10

E— A TER (mm)

X10 t— hSf FOH¥ A4 X HREOBMR (FB-G)
Heat pipe performance vs. heat pipe size (FB-G)

WAHHEIPa) THERINTWS., 74 v 7 DORE 5723
O — ML TZ2HWTIHEDEY 2=V EBIEL.
MEIEPL (Rt @ 22 5L T TORIKN) 2 &K 1ITR
F. Fo{ ML=t A TEY 2 - VTFB-GZEH
Lize—= "L T T 74N 4 v 2 BMHAL DL %
T 2E, 77477497000/ KI152T
/WIZH LT, FBGOLDTIRLICT/WEEHLTWA.
30ODFATOEY 22— VTRBABEZFHLEREEER
HIRLTHD., 774774y 7 &8FHLIZEY 22—
DOBEE R 33W & LK LT, FBGZMALA-b DTl
FA6W L 2o T 5. ZOFERKREI, TotyH s
WO REOFFRMRE100TC, FHPREE3STC, /= Ty s
PCRIPAE S DIE LA 15 COREICIEDT VT WS,
(T4bHQ= (100-35-15) /1.1=455W)

6. & ¥ U

R RYy boa v IiEE (FB-G) Ok — k3o
TIZOVWTE LD 5.

c BRRDRER D 10W/cm2 2 5 20W/cm2 & 24512 7% o
TWwhb., THEFBGO L ) mWEME ) LREEZ
o2l klizk 5.

st — M TOBIKIUIHER D 0.84T/WH 5 04T
/WEB0BDTERSTWA.

BIELTRA L7z — b TEY 2=V T, ik
BA3BWS46WANEWIL TW5.

- 7aY Y FORBBEMINIHNIET 572012, — k3
A TORKBIGHEREZ S SITHINL, SUkhi2Ey
BB R EDSLETH D, Sk, Taty 0%
BEEIZ50W/ ecm2 Ml EE R, ZhiCx LT —

30

% 108 &

= Ty ZPCEHHE— LT
EV 2=V} T
Example of heat pipe module for cooling notebook

11

K1 HUHHEY2-VTOHEY 1 v 7HiEOL— 4T
RELICHT & B
Total thermal resistance and heat dissipation capability for

the same cooling module with various heat pipe wick

structure
v 4y 7 OFH Rt (T/W) Q (W)
TrANT 4 v 1.52 32.9
BERER T 7 AN 4 v 1.37 36.5
FB-G 1.1 45.5

M T OBISUZ01C/WUT 2 FEB T 2 LED D
5ETPHEING.

2 2 X ®

1) T. Nguyen, M. Mochizuki, K. Mashiko and Y.
Saito . Use of Heat Pipe Heat Sink for Thermal
Management of High Performance CPUs, Proceedings
of 16th IEEE Semiconductor Thermal
Measurement and Management Symposium, pp.76-79,
San Jose, CA USA, March 2000

2) Masataka Mochizuki : Advanced Cooling Technology

Annual

Using Heat Pipes and Vapor Chambers for High Power
PC, Proceedings of Thermal Engineering Conference '03,
pp79-80, Kanazawa, Japan, November 2003

3) Thang. Nguyen, M. Mochizuki, V. Wuttijumnong,
K. Mashiko, Y. Saito and Tien Nguyen : Overview
Latest Technology Using Heat Pipes for Cooling High
Heat Generation Notebook Computer, Semitherm XX,
San Jose, Ca, USA, March 9-11, 2004



